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This  pool  of  information  on  the  results  of  codling  moth 
research  for  the  season  of  19^3       the  eleventh  of  a  series  of 
similar  sttmmaries  prepared  annually  hy  the  Bureau  of  ^tomology 
and  Plant  Q^arantine,  i^icultural  Resecurch  Administration,  U.  S. 
Department  of  Agriculture,  at  the  request  of  the  Committee  on  the 
Codling  Moth  of  the  American  Association  of  Sconomio  Xnomolo^ste. 
These  data  are  assembled  for  the  confidential  information  of  workers 
who  are  interested  in  the  codling  moth  problem.    The  material  is 
not  for  publication  and  is  therefore  not  available  for  quotation 
or  other  use  without  specific  permission  from  the  agency  ^ich  has 
furnished  it* 

Althou^  an  invitation  to  submit  material  for  inclusion  in 
the  pool  was  forwarded  a  year  ago  to  workers  in  the  Union  of 
South  Africa  who  had  ei^resaed  a  desire  to  cooperate,  their  con- 
tribution has  not  yet  been  received.    A  further  invitation  has 
been  sent  to  these  workers  and  any  data  received  during  the  year 
will  be  issued  as  a  supplement  to  Part  I  of  this  pool* 


(Not  for  Publication) 
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E£PQJ^  Of  TBM  COMMITTSB  OH  COISLINa  HOTB  FOB  I9U3 

^yrley  F.  Drlggers,  L.  G,  Oentner,  Xdvln  Goiild, 

W.  S.  Hough,  George  N.  List,  L.  7.  Stelner,  Chalraan. 

In  resent  years  the  CoBBalttee  on  Codling  Moth  has  spoasored 
conferences • of  workers  Interested  In  codling  moth  control  and  has 
€urranged  vith  the  Bureau  of  Xntoaology  and  Plant  ^oarantlne  for 
the  collection,  preparation,  and  redistribution  of  an  ann\ial  pool 
of  Information  on  current  research.    In  19^1  and  19^2  the  Coonlttee 
also  suggested  those  lines  of  research  idilch  It  considered  aost 
Important. 

By  correspondence  your  Coomlttee  has  voted  unanimously 
against  having  a  conference  thi:.  year.    Members  of  the  Committee 
were  all  agreed  however,  that  the  pool  of  information  was  of 
very  great  value  to  all  workers  and  should  be  continued  and 
arrangements  %rere  again  made  %rith  the  Bureau  of  Intomology  and 
Plant  Qjoarantine  for  its  collection,  preparation  and  distribution. 
%is  is  the  eleventh  In  an  unbroken  annual  series  and  the  Committee 
hopes  that  all  codling  moth  investigators  or  research  organisations 
in  Ccknada  and  South  Africa  as  well  as  the  United  States  will  con- 
tribute to  the  pool. 

The  majority  of  the  Committee  feels  that  the  suggested  lines 
of  codling  moth  research  given  in  the  19^2  report  should  be  again 
presented  with  some  slight  revision*    fhese  eiEiggestlons  follow. 

1.  Abstract  all  published  information  on  codling  moth 
studies  and  observations  and  make  copies  of  the  complete  abstract 
available  to  those  persons  interested  in  codling  moth  resectroh. 

It  is  suggested  that  the  Bureau  of  Kitomology  and  Plant  (^narantine 
take  the  lead  in  this  undertaking. 

2.  Continue  research  on  substitutes  for  lead  arsenate.  Siis 
compound  is  inefficient  in  regions  idiere  codling  moth  injury  is 
severe,  is  often  injurious  to  fruit  and  foliage  and  has  been  sus- 
pected of  reducing  the  set  of  fruit.    Scarcity  of  the  basic 
materials  from  idiich  lead  arsenate  Is  manufaetxired  during  the  war 
period  is  an  added  reason  for  continuing  and  intensifying  the 
search  for  substitutes,  with  special  emphasis  on  nicotine  bentonlte. 


-  U  - 


Studie?  of  aethods  of  fortifTlng  lead  sursenate  as  a 
larrleida  should  continue  with  emphaslB  on  the  derelopment  of 
cheaieals  that  can  be  added  to  lead  arsenate  sprays  to  destroy 
other  stages  of  the  insect,  particularly  the  Bgg  and  adxilt* 

3*    ^e  Committee  feels  that  more  attention  should  he  deroted 
to  the  study  of  %rays  and  means  of  destroying  the  oyervintering  lar- 
Tae  and  spring  pupae;  that  this  is  a  field  of  study  which  has  harely 
heen  touched  upon  and  if  a  reasonable  proportion  of  the  total  re>» 
search  vork  now  being  done  was  devoted  to  this  phase  of  the  problem 
worth  while  results  mi^t  be  obtained. 

U.    Further  attention  should  be  giren  to  the  eraluation  of 
strains  within  regional  orchard  areas*    Studies  are  also  needed 
to  answer  the  question:    Can  quick  acting  stomach  poisons  or  eon** 
tact  insecticides  lead  to  the  deTelopasnt  of  resistant  or  hardier 
strainst 

^.    fundamental  studies  are  needed  on  physiology  with  special 
ea^phasis  on  the  way  insecticides  destroy  the  different  stages  of 
the  insect  or  influence  the  population*    In  this  connection  the 
effect  on  larrae  already  inside  the  apple  should  not  be  orerloOked* 
Is  the  reproductire  capacity  of  the  insect  or  its  rate  of  develops 
aent  affected!    Some  of  the  many  new  materials  being  tested  at  in- 
secticides (usually  only  as  oricides  and  larricidesl  may  have 
entirely  unsuspected  effects  in  other  ways  that  might  be  oTerlooked* 

6.    In  studies  on  the  habits  and  behavior  of  the  insect  special 
eaphasis  should  be  placed  on  (l)  the  relation  of  the  tiae  of  moth 
•mergence  or  moth  flights  and  the  time  ^en  peaks  of  larval  attacks 
actually  occur,  (2)  the  effects  of  specific  insecticides  and  adJuv&iiS;^ 
on  the  behavior  of  larvae,  adults  and  natural  enemies.    Such  effects 
as  repellency  and  attractiveness  to  adults  or  larvae  mi^t  increase 
or  decrease  control  in  limited,  tests  but  have  little  or  no  effect 
in  large  areas.    It  is  also  possible  that  (Ganges  ic  behavior  mi^t 
make  the  insect  more  susceptible  to  other  means  of  control  when  used 
in  conjunction  with  a  particular  insecticide. 

7*    She  reasons  for  differences  in  the  relative  control  value 
of  certain  insecticides  in  different  regions  should  be  given  more 
attention.    It  is  generally  assumed  the  differences  are  largely 
caused  by  climate,  but  just  how  are  they  responsible?  Conflicting 
reports  from  different  workers  may  reduce  confidence  in  research 
unless  regional  differences  are  known  to  exist  and  their  ii^rtance 
emphasised. 


♦ 


S«    Codling  moth  research  may  "be  Improyed  by  the  development 
of  more  reli&hle  technique  in  order  to  make  it  poeeible  to  e\'3Lliiate 
properly  the  many  Tariablee  with  which  ve  must  contend.  Some 
vorkere  are  limited  by  time  and  fimdB  and  yet  are  under  extreme 
pressure  for  results  and  cannot  gire  much  attention  to  the  ideal 
technique,  or  even  use  reliable  technique  if  it  requires  more  work. 
For  this  reason,  the  publication  of  results  should  give  adeqtiate 
information  concerning  methods  so  that  others  can  at  least  esti- 
mate the  reliability  of  the  results. 

9«    The  possibilities  of  biological  control  should  receire 
more  attention. 

10«    The  majority  of  the  Committee  feels  that  entomologists 
have  not  taken  due  ad'vantage  of  the  factor  of  climate,  particularly 
temperature,  in  the  over  all  problem  of  codling  moth  control.  It 
is  common  knowledge  that  in  nearly  every  apple  growing  state  or 
region  there  are  areas  or  cones  of  intensity  of  codling  moth  attack. 
The  intensity  of  attack  is  generally  related  to  the  number  of  broods 
per  season  and  this  in  turn  is  goTemed  to  a  large  extent  by  the 
mean  awwnai  teisperature  during  the  apple  growing  season.    Thus  we 
find  different  areas  ii^ere  the  codling  moth  is  one,  two,  three  or 
even  four  brooded  and  it  is  in  the  three  and  four  brooded  areas 
where  the  greatest  difficulty  in  control  is  e^erienced.    It  is 
suggested,  therefore,  that  entomologists  in  collaboration  with 
horticulturists  consider  the  advisability  of  gradually  shifting 
apple  production  from  the  three  and  four  brooded  areas  to  the  one 
and  two  brooded  areas. 

11.  Intomologists  should  give  more  attention  to  the  problem  of 
rotation  of  apple  plantings,  either  by  rotating  apples  with  apples 
or  apples  with  other  fruits,  as  a  factor  in  the  control  of  codling 
moth.    This  would  seem  to  be  particularly  worthy  of  study  in  the 
three  and  four  blooded  areas.    It  is  a  general  observation  that 
codling  moth  is  mose  easily  controlled  on  younger  and  smaller  trees. 
In  this  connection  it  would  seem  %rorth  while  to  study  the  possiblliti 
of  the  dwarf  and  semi-dwarf  stocks  in  areas  of  severe  codling  moth 
attack. 

12.  There  is  a  need  for  additional  work  by  entomologists  in  co- 
operation with  agricultural  engineers  and  spray  equipment  manu- 
facturers looking  toward  the  development  of  more  efficient  machinery 
for  applying  sprays.    One  of  the  big  items  in  the  cost  of  apple  pro- 
duction is  the  labor  and  equipment  necessary  to  apply  the  number  of 
sprays  found  necessary  for  adequate  control  with  existing  spray 
combinations. 

The  Committee  will  welcome  any  suggestions  from  members  of  the 
Association  regarding  ways  in  which  its  usefulness  can  be  increased. 
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D.  Borden*  California  Agricultural  X^periment  Station, 
Berkeley 

I  Seasonal  condition  and  status  of  infestation. 

fho\:i^  the  "bait  trap  records  shoved  a  sharp  increase  in 
the  nuB'ber  of  moths  taken  during  the  first  hrood  flighti  t^e  cool 
tesperatures  during  Nay  and  early  June  aj^parentlj  lessened  the 
attack,    file  reconaiended  prograss  where  properly  tified  axkd  c^lied 
gare  satisfactory  control* 

III.        Besults  of  control  experiments.    Due  to  war  conditions  and 
lack  of  assistants  no  eztensire  ezperiaents  vere  undertaken.  Most 
of  our  effort  vas  given  in  deaonstrational  yroxk.  and  in  assisting 
the  growers  in  the  proper  tilling,  mixing  and  application  of  their 
sprays. 

A.    Control  hy  insecticides, 
(l)  Lead  arsenate 

In  two  large  Bartlett  pear  orchards  heayily  isy*  ^ 
fested  with  codling  soth  a  strai^t  standard  lead 
arsenate  program  with  powdered  commercial  spreaders 
gave  excellent  control  with  six  sprays.    Ho  oil  was 
used  as  an  oricide  in  any  of  the  applications* 

Tor  the  second  year  an  experimental  plot  was  run 
on  Payne  walnuts  infested  with  codling  moth,  fiiese 
were  timing  experiments  and  included  five  treatments 
(un sprayed  check  included)  in  which  ^  Basic  lead 
arsenate  and  an  oil  spreader  were  used  on  fiTe  single 
tree  replicates.    In  19^3  two  sprays  properly  timed 
gare       wormy  nt?ta  and  the  check  19^  wormy,  fiiese 
were  deiaonstrational  orchards. 

c.    Xanthone  used  in  a  demons trational  way  in  last 
two  sprays  on  apples  emd  pears  gave  excellent  cozw 
t^ol  of  late  codling  moth  and  prevented  injury  to 
foliage  by  mites.    Dosctge  of  2#  Xanthone,  o  oss* 
Colloidal  #77 >  1  pint  kerosene  per  100  giillons 
used.    Xanthone  is  very  promising  for  use  in 
California  in  last  two  applications  as  it  controls 
codling  moth  and  mites  and  replaces  oil-lead  arsenate 
combinations  which  interfere  with  spray  residue  re- 
moral  when  applied  as  preharrest  sprays. 


d.    other  organic  laaterialt.    Bow  muill  \t&s  used 
extenelTely  on  peare  in  last  two  sprays > for  control 
of  mites.    Half  pound  dosage  added  to  lead  arsenate 
spray  gare  tesiporary  relief  from  aite  injury  near 
harrest  but  idtes  increased  rapidly  after  harrest, 

IT.  Ibqperience  of  growers  in  obtaining  insecticides  and  spray 

equipment  during  19^3*    Liaited  nuaiber  new  equipment  available. 

Saffici@Et  Insecticides  available  tho^igh  grovers  eaqperiencsd  a^eh 
difficulty  in  obtaining  suitable  commercial  spreaders.    Changes  in 
formola  of  spreaders  made  it  difficult  to  obtain  spray  deposits  of 
past  seasons. 


COHNSCTICUT 

Philip  Oarman,  Connecticut  igricultural  Ixperiment  Station, 
Hew  Haven 

I.      Seasonal  conditions. 

Seasonal  conditions  in  Connecticut  apparently  favored  codling 
moth  in  19^3.    July  and  August  were  both  warm  and  dry  so  that  in- 
festations increased  decidedly  over  19^2.    Che  trouble  this  year 
seems  to  hare  been  mainly  along  the  couthem  border  of  the  State, 
near  Long  Island  Sound. 

III.  Control  experiments. 

Lead  arsenate: ~    Continued  eaqoerimentation  with  increased 
aaoxints  of  lead  arsenate  in  fewer  sprays  continued  to  give  good  but 
not  perfect  results.    ?ermate  plus  oil  plus  alumina  gel  and  lead 
arsenate  was  used  this  year.    Scab  and  other  disease  control  was 
equal  to  more  extended  pro£rams.    Curculio  couirol  was  not  quite 
so  good,  but  codling  moth  and  apple  maggot  control  were  equal  to 
or  better  than  the  more  extended  programs.    Comparisons  were  made 
between  three  and  five  summer  sprays  or  between  four  and  six* 
Check  on  arsenical  load  carried  by  the  foliage  indicated  much 
greater  amounts  of  arsenic  throu^out  the  season  for  the  reduced 
schedule  -  increased  arsenical  plots. 

Cryolite:-    In  connection  with  other  woxic  wa  noted  the  very 
poor  codling  moth,  curculio,  and  maggot  control  wherever  cryolite 
was  used  in  place  of  lead  arsenate.    This  was  believed  due  to  poor 
adhesion  since  it  was  necessary  to  use  a  fungicide  and  observations 
indicatt>d  very  rapid  removal  by  rains  for  such  combinations  as  cryolite 
and  wet table  sulfur. 
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Patd  L.  &lo«,  S^lMmre  igriaultiiral  Xxptrljuiit  Station, 
Nowark. 

Z.     3»fttonal  oon^ltlo^>  and  gtatut. 

Sha  light  orop  of  applet  orer  aost  of  tha  Stata  aada  oodling 
Both  control  partictJLarly  dlfflenlt  In  19^3*    Contoq.uentl3rt  a 
lower  percentage  of  clean  fruit  than  uexial  vae  produced.  Because 
of  the  high  price,  howerer,  growers  receiTed  good  financial  returns 
fro*  eren  the  lower  aarket  grades.   A  considerable  nunber  of  the 
growers  are  now  xuiing  nicotine  sulfate  to  combat  the  adult  aoths 
at  the  peaks  of  their  aotlTlty*    Ihe  results  froa  its  use,  as  a 
idiole,  are  encouraging, 

III.  Control  exDeriaents. 

Oooperatiye  work  was  carried  on  between  the  Departments  of 
Plant  Pathologjr  and  Intomology  of  the  Delaware  Station  in  at temp t- 
lag  to  eraluate  three  different  types  of  spray  equipment  in  codling 
moth  control.    The  equipment  used  was  (l)  a  Ysrtloal  boom  attachment 
consisting  of  a  battery  of  six  guns  fastened  at  rarying  heights  to 
a  supporting  rod  rising  rertically  from  the  rear  of  the  spragr 
machine  to  a  height  of  17  l/S  feet  from  the  ground,  (2)  the  "Speed 
Siprayer,"  and  (3)  two  eight-noscle  brooms  (one  operated  from  the 
ground  and  one  from  a  tower).    Six  plots,  of  about  1^  trees  each, 
were  included  la  the  es^eriments.    Six  trees  used  as  checks  were 
not  sprayed  after  the  first  cerer  spray* 

lach  type  of  equipment  was  used  in  spraying  two  plots,  ill 
plots  were  sprayed  with  the  same  equipment  during  the  application  of 
the  first  coyer  spray,  but  the  different  types  of  equipment  were  used 
on  the  seren  succeeding  sprays.    Due  to  high  codling  moth  populations 
and  an  extremely  light  orop  of  fruit,  rery  poor  control  was  obtained, 

▲  summary  of  the  degree  of  codling  moth  control  resulting  from 
the  use  of  the  yarious  types  of  eqtilpment  follows  (Table  Z): 


TABLl  I.        CoB^arlson  of  three  kindt  of  epray  equipment  used  in 
codling  Both  control;  Chetvold,  Delaware,  19^3. 


Percent 

Percent 

Percent 

No.  voras 

Ho.  stings 

Bquipmeat 

clean 

voroy 

stung 

per  100 

per  100 

apples 

aurplee 

am>leB 

apples 

aTOles 

Tertieal  boea 

1:^ 

20.2 

63.6 

30.3 

2X1.S 

"Speed  Sprayer" 

25.S 

65.9 

42.2 

3^3.2 

8-noiile  brooae 
Cheek* 

12.2 
5.6 

70.1 

57.2 
137.7 

332.? 
281.^ 

^Unsprajed  after  first  eoTer  spray. 


When  the  degree  of  vorainess  is  used  as  an  index  there  is  an 
indication  that  the  Tertieal  "booa  gare  the  "best  control,  the  "Speed 
Sprayer"  next  best*  and  th«  brooas  the  poorest  control.  Hoverer, 
these  differences  were  not  statistically  significant. 

Obserrations  on  arsenical  deposits  likewise  giTe  eridenee  of 
•nperior  coTerage  with  the  Tertieal  booa  equipaent.  Zieaf  saaples 
taken  at  the  outside  botteas  and  outside  tops  of  the  trees  showed 
arsenical  deposits  with  a  relationship  of  1,00  bottoa  to  1.02  top 
for  the  Tertieal  booa.  1.00  bottoa  to  0.82  top  for  the  "Speed 
Sprayer"  and  1*00  bottoa  to  0.99  top  for  the  brooas.  Proa  the 
data  it  appears  that  the  Tertieal  booa  and  the  brooas  giTe  a  acre 
•Tea  ooTerage  froa  top  to  bottoa  than  the  "Sjpeed  Sprayer." 

The  arsenical  deposit  on  foliage  froa  the  outside  top  leaTes 
was  ooapared  with  that  adhering  to  the  inside  top  leaTes.  Zhis 
was  done  in  order  to  get  a  coaparison  of  the  penetration  of  the 
■prays  froa  the  three  kinds  of  equipment.    Ihe  results  of  this 
analysis  are  giTen  in  fable  2. 

ZABLl  2.        Arsenical  deposits  on  foliage  saaples  obtained  froa 
outside  and  inside  top  areas  of  trees  sprayed  with 
different  kinds  of  equipaent;  Gheswold,  2>elaware, 

19^3. 


Deposits  of  itgO^ 

per  square  inch 

louinaent 

Outside  top  saaole 

Inside  top  saBDle 

▼ertical  booa 

318. 2 

262.3 

"Speed  Sprayer" 

261.9 

171.6 

Pigores  are  aTerages  of  three  sets  of  saaples  taken  at  different 
tiaes  during  the  euaaer. 
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Ihe  data  in  Sabla  2  give  definite  indications  that  the  Tertical 
hoom  equipment  produces  a  superior  penetration  of  the  spray  into  the 
inside  top  regions  of  the  tree.    This  finding  correlates  with  the  in- 
dications of  hotter  codling  noth  control  froa  the  use  of  this  equip- 
sent. 

IT.    Irperi^nce  of  growers  in  obtaining  insecticides  and  sDray 
ettulDaent  during  19^^. 

Growers  hare  had  little  difficulty  in  obtaining  insecticides 
and  spray  equipaeat.  Mm  a  whole,  the  situation  in  this  regard  is 
satisfactory. 


V.  fi.  Clarke,  I^ruit  Pest  and  Parasite  Laboratory,  Georgia 
Department  of  Xatooology,  Cornelia. 

1.    Seasonal  Conditions  and  Status  of  codling  aoth  infestations 
during  1943. 

Spring  brood  emergence  of  moths  was  lighter  in  19^3*    ^  total 
of  U32  moths  were  caught  in  3  '^B.it  traps  placed  la  the  same  location 
as  the  proTious  yeaur  when  2,021  moths  were  caught.    3he  peak  number 
was  88  moths  of  the  spring  brood  taken  on  May  ^th  as  compared  with 
3^9  on  ipril  27th  in  19^2. 

▲  late  freese  oceuring  on  ipril  13  and  16  killed  out  all  but 
the  last  buds  and  the  crop  set  and  gathered  was  li£^t,  probably 
act  more  than  a  13  percent  crop.    Codling  moth  infestation  in 
harvested  fruit  was  somewhat  hearier  as  a  result  of  the  light  crop* 

2*    Studies  on  codling  moth  biology  and  bbhaTlor. 

Stung  apples  were  collected  for  each  brood  of  the  codling  moth 
and  records  were  made  on  larral  emergence,  pvqpatioa,  and  emergence 
of  adults  cuxd  parasites.    The  parasite  emergence  was  yery  low  and 
the  only  one  of  importance  recoTored  was  the  lartral  !>arasite 
As.oegaster  carpoeapsae. 

3*    Control  experiments. 

Ho  insecticide  control  experiments  were  conducted  during  19^3* 

4.    Ixperieace  of  growerv^in  obtaining  insecticides  and  spray 
equipment  during  19^3* 

Growers  were  able  to  obtain  all  the  insecticides  needed  for  the 
control  of  fruit  insects,  but  did  haTe  difficulty  and  costly  delays 
in  obtaining  repair  parts  for  spray  equipment. 
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S.  C.  Chandler,  Illinoit  Natural  History  Surrey,  Carbondale. 

X.     Seasonal  conditions  and  status  of  oodllng  moth  infestations 
during  19^3. 

Che  19^3  season  started  under  soaevhat  aore  favorable  circuo- 
stanees  than  did  19^2.    Oarry-OTsr  was  lifter  and  a  period  of 
cool  rainy  veather  early  in  the  season  was  Tery  unfarorable  for 
codling  moth  development.    Hot  dry  weather  the  latter  part  of  the 
season,  hoverer,  was  very  farorahle  for  codling  moth  deTelopment* 
The  heariest  attack  came  the  last  week  in  iugust  and  the  first 
week  in  September.    Heaviest  attacks  occurred  in  orchards  in  \^ich 
the  earlier  broods  had  not  been  sufficiently  reduced  by  spraying 
and  in  orchards  subject  to  infestation  from  outside  sources.  ▲ 
Tery  big  increase  occurred  in  orchards  in  which  much  of  the  deposit 
of  poison  had  been  reduced.    !I!he  average  percentage  of  wormy  apples 
in  an  orchard  surrey  of  2S  blocks  of  apples  was  12.6  per  cent,  which 
was  cdmost  the  same  as  la  those  same  orchards  a  year  ago,  namely 
13*0  per  cent*    Infestations  were  not  quite  so  severe  in  central 
Illinois  as  in  southern  Illinois,  since  the  heavy  attack  started 
earlier  in  the  south  but  was  stopped  about  the  same  time  in  all 
latitudes  by  cold  weather  in  September.    In  the  northern  part  of 
the  State,  where  one  brood  and  a  part  of  a  second.,.is  normal,  a 
heavy  second  brood  occurred  and  a  greater  than  normal  carry-over  is 
present  in  that  eurea. 

III.  Besults  of  control  experiments. 

A.    Control  by  Insecticides 

Use  of  a  Safener  for  Lead  Arsenate 

A  test  designed  to  run  for  three  or  more  years  was  begun  to 
determine  the  value  of  the  zinc  oxide  preparation,  "Saf e-N-Lead, " 
mcjuufactured  by  the  Sherwin-Williams  Company.    ?ive  rows  of  mature 
apple  trees  (18  to  20  years  old)  30  trees  long  were  sprayed  with  the 
regular  lead  arsenate  schedule,  but  Safe-S-Lead,  1  pound  to  100 
gallons  was  used  in  place  nf  lime  or  weak  bordeaux.    A  block  running 
parallel,  separated  by  a  narrow  swale,  received  the  standard  lead 
arsenate  schedule,  the  grower  using  lime  as  a  safener  because  of  the 
danger  of  russetlng  on  this  variety,  Jonathan.    Jonathan  was  selected 
because  of  the  greater  probability  of  injury.    A  calyx  and  six  lead 
arsenate  applications  were  given,  the  last  four  with  summer  oil. 
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Three  pounds  of  lead  were  used  per  100  gallons  in  the  calyx  and 
in  the  5th  and  6th  covers,  and  k  pounds  in  the  1st  to  kth  covers 
inclusive.    Equal  parts  of  lime  were  used  in  the  standard  block. 
Pinal  infestation  counts  were  made  of  picked  apples  (drops  were 
very  few)  with  the  final  results  as  follows: 

Total  Apples  Plot,  Injury  at         Codling  Moth 

Examined  Treatment       Calyx  End       Entered  Stung 

1,000  Safe-N-Lead  359  7  29 

1,000  Lead-Lime  132  5  32 


Use  of  Dinitro  Mixture  "C"  With  Lead  Arsenate 

Upon  request  we  located  a  grower  who  would  use  Dinitro  Mixture 
"C"  (50)0  ammonium  dinitro  ortho  cresylate  and  50^  talc)  with  his 
regular  lead  arsenate  sprays  at  the  recommended  strength,  2  ounces 
to  100  gallons  of  water.     This  material  was  used  in  the  five  lead 
arsenate  cover  sprays  which  were  applied,  from  May  10th  to  June  9*^ 
inclusive,  on  a  hlock  of  Rome  Beauty  trees  about  18  years  old, 
k  rows  wide  and  possibly  kO  trees  long.    This  plot  was  compared 
with  U  rows  separated  from  the  above  by  aji  open  space  of  k  rows,  in 
which  replants  were  growing.    Lead  arsenate  was  used  at  the  rate  of 
k  pounds  to  100  gallons,  with  3  pounds  of  lime  and  l/k  pound  of  soy 
flour.    In  both  blocks  three  applications  of  Black  Leaf  155  with 
summer  oil  were  made,  but  the  dinitro  mixture    was  not  used  in  these 
nicotine  sprays.    Final  infestation  counts  were  made  on  the  trees 
just  before  harvest,  and  1,000  apples  were  examined,  with  the  follow- 
ing results: 

Dinitro  plot,  5»^  entered,  l6.0  71?  stung. 
Standard  plot,  4,2  %  entered,  lU.O  ^  stung. 

The  following  test  was  suggested  by  the  late  Professor  Flint 
as  a  grower's  test  of  lead  arsenate  compared  with  fixed  nicotine. 
The  tests  were  conducted  by  a  grower,  under  our  eupervision,  who 
had  changed  from  lead  to  nicotine  over  his  entire  orchard  except 
for  the  "lead  block"  of  about  100  trees,  22  year  old  Staymans  and 
Yorks.    Comparisons  were  made  in  counts  and  observations  with  the 
same  number  of  adjacent  rows.    Both  blocks  received  exactly  the 
S€une  number  of  applications  on  the  same  dates  or  within  a  day  of  it. 
As  seen  by  the  results,  additional  nicotine  applications  should  have 
been  given  in  the  nicotine  blocks  to  offset  the  longer  period  of 
efficiency  of  lead  arsenate.    The  spray  schedule  was  heavy,  con- 
sisting of  a  calyx  and  9  cover  sprays,  beginning  April  28th,  and 
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•ndlBg  iniratt  2^th,    In  the  nieot^ne  block  tank  BlMd  nlootln*  ymu 
■tar ted  in  the  second  ooTer,  %rlth  a  change  of  aaterlal  to  Black 
Leaf  155  In  the  6th  oorer,    She  dates  of  application  on  which 
fprajs  were  started  were  at  follows:    Oalsrz,  both  sides*  April  28th; 
inside  trees,  i^ril  3O;  topoff  May  1;  ooTers  on  Masr  U,  IS,  19,  26, 
June  3,  Jnlj  5*  19*  iN^^t  3,  and  2^.    !Bie  last  application  in  the 
lead  plot  was  with  Black  Leaf  133       oil.    Tinal  infestation  eonnti 
of  picked  apples  (few  drops)  were  as  follows t 


m2i2m 

Lead  Arsenate 
Vicotine 

Lead  Arsenate 
licetine 


Tariety 

Staynan 
Staarna 

York 
York 


Apples 
Ibtmained 

700 
700 

700 
700 


i^les 
Itotered 

9  (1.3*) 
^9  (7.0jt) 

2  (  .p) 


^  (7.7« 

29  (^-15^) 

37  (5.35^) 

5o  (5.75^) 


B*    Control  by  oeans  other  than  spraying. 

Moeh  of  the  work  of  the  season  on  codling  noth  has  eon-> 
sisted  of  a  surrey  of  I3  orchards  in  southern  Illinois.  This 
surrey  was  begun  in  19^2  and  will  probably  be  continued  one  more 
season.    It  consists  of  weekly  obserrations  on  aethods  of  spraying, 
materials  used,  spray  equipment,  orchard  sanitation  and  other 
factors  which  mi^t  solre  the  problem  of  tdiy  some  growers  sxicceed 
in  controlling  codling  moth  and  others  fail  in  the  same  area* 
Vhile  these  cannot  be  classed  as  experimental  data,  they  hare 
already  brought  out  some  rery  important  facts.    One  of  the  most 
important  of  these  concerns  the  importance  of  orchard  sanitation, 
and  indicates  that  control  measures,  other  than  spraying  are  eren 
more  important  than  we  hare  considered  them  before.    To  date  it 
appears  that  the  growers  who  consistently  pratetice  thorough  orchard 
sanitation  year  after  year,  regardless  of  the  general  lerel  of  in- 
festation, hare  the  fewest  number  of  wormy  cuid  stung  apples  and  can 
get  good  results  with  the  minimum  number  of  spray  applications. 

IT.    Experience  of  growers  in  obtaining  insecticides  and  spray 
equipment  during  19^3* 

Most  growers  have  been  able  to  secure  all  spray  insecticides 
necessary  except  soybean  oil  and  pyrethrum  (the  latter  not  needed 
to  any  extent).    Spray  equipment  has  been  very  difficult  to  get, 
but  not  nearly  so  difficult  as  growers  were  first  told  it  would  be, 
and  in  the  main  they  hare  got  by  well  enou^. 
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Q,  Xdirln  Marshall,  Purdue  UniTerii Agri cultured  Xzperlaent 
Station,  Orleani 

fiiii  report  glYtt  in  detail  the  treataentt  and  retulti  of  nine 
tprajr  tchedtdei  carried  on  at  the  SLrod  and  the  Sxperinental  orohar€t 
for  the  purpote  of  studjring  new  and  promising  ipraj  sohedulet  for 

codling  moth  control. 

The  most  interesting  spray  treatment  studied  from  the  stand- 
point of  residue  analysis  amd  worm  control  is  the  one  designated 
as  plot  four  of  tahle  3*  P^^"^  Blrod  orchard  received 

three  lead  lu'senate-oil-soap  sprays  which  were  applied  May  23* 
June  ^,  3        ^9*    ^ese  were  followed  immediately  by  a  spray  of 
flocculated  bentonite  June  21  and  22  with  cmother  of  the  same 
material  July  2»  3  ^^id  6.    On  August  k  the  last  flocculated  bentonite 
application  was  applied  as  a  top-off  spray.    September  1  and  2  a 
spray  of  a  half  percent  oil  was  applied  as  an  oyicide.    Thus  the 
last  lead  arsenate  went  on  June  19*    Table  1  gives  the  residue 
story  for  the  varieties  given  this  treatment. 

If  a  cooparison  is  made  using  the  residue  figures  in  table  1 
and  table  2  it  will  be  seen  that  the  before  harvest  arsenic  figure 
is  almost  as  high  on  plot  k  as  on  plot  2.    The  date  of  the  last 
spray  containing  lead  arsenate  on  plot  k  was  June  19 »  whereas  on 
plot  2  it  was  July  12  and  I3.    In  the  past  we  have  found  evidence 
that  flocculated  bentoziite  did  much  to  aid  in  codling  moth  control 
when  used  after  lead  arsenate.    It  seems  probable  that  it  aids  in 
the  retention  of  the  lead  and  arsenic  residue  oh  the  foliage  and 
fruit,  acting  as  a  protective  coating  over  the  arsenate  of  lead 
residue.    These  residue  figures  seem  to  bear  this  out. 

The  foliage  from  these  plots  (table  3*  plot  k)  begaui  dropping 
a  little  earlier  than  from  the  lead  arsenate  treatments.    This  is 
also  true  of  the  tank-mix  schedule  (plot  l).    Trait  \«hich  is  not 
washed  will  shrivel  earlier  when  coated  with  bentonite  residues 
than  with  lead  arsenate.    Observations  of  the  uae  of  water  safener 
(tri-sodium  phosphate)  in  the  %rashing  solution  suggests  its  use  for 
the  easy  removal  of  bentonite  residues. 

Hezt  in  interest  in  the  Slrod  spray  plots  from  the  residue 
standpoint  are  the  schedules  2  and  2A.  (See  table  2).    In  both  of 
these  it  will  be  noted  zinc  sulphate  was  used  as  a  safener  for  the 
lead  arsenate  but  in  one,  lime  was  used  to  make  a  so-called  tine 
bordeaux  while  in  the  other  lime  was  left  out  of  the  schedule.  Worm 
control  attained  in  these  plots  tend  to  bear  out  the  sane  trend  al- 
though there  is  not  enough  difference  between  the  two  treatments  in 
worm  control  on  Winesap  to  offer  assurance  either  way. 
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The  zinc  etilphate  was  put  in  the  schedule  as  a  safener  for 
lead  arsenate  to  prevent  foliage  injury  and  this  suggestion  was 
formerly  made  by  the  Ohio  Sxperiment  Station.    IHirthermore ,  the 
lifle  %fas  added  to  zinc  sulphate  in  one  schedule  to  produce  a  line 
bordeaux  also  suggested  by  the  Ohio  Station.    However,  the  writer 
through  former  work  has  found  too  little  difference,  between 
schedules,  including  lime  and  those  in  which  it  was  withheld,  to 
warrant  putting  it  in.    This  year's  observations  on  foliage  would 
seem  to  substantiate  former  findings  with  the  preponderance  of 
evidence  favoring  the  use  of  lime  with  zinc  sulphate  from  the 
standpoint  of  worm  control,  residue  retention,  and  foliage  con- 
dition.   It  may  be  said  with  certainty  that  as  far  as  the  safety 
of  the  foliage  is  concerned,  if  zinc  sulphate  sind  lime  are  to  be 
used  these  materials  should  be  included  in  several  sprays  rather 
than  Just  two. 

Reference  to  the  commercial  schedule  used  at  the  Experiment 
orchard  (table  k)  will  reveal  that  it  was  very  similar  to  plot  2A 
at  Slrod's  orchard.    Poliage  and  fruit  conditions  as  well  as  control 
were  satisfactory  at  harvest  time.    Residue  analysis  also  show  the 
similarity  of  the  two  programs. 

Table  ^  is  a,  detailed  record  of  the  plot  treatments  at  Elrod't. 
It  should  be  remembered  that  very  special  care  was  exercised  in 
choosing  the  treatment  to  be  applied  in  this  orchard  in  19^3* 
was  prompted  by  wartime  needs  for  apples.    To  accoaiplish  this  and 
to  make  certain  that  every  effort  was  extended  toward  growing  a 
worm- free  crop  the  writer  personally  supervised  every  application 
of  each  plot  to  see  that  the  tops  of  the  trees  were  well  sprayed 
and  that  the  girls  who  sprayed  the  under  sides  of  the  trees  and  the 
out sides  from  the  ground  were  doing  a  thoro\igh  Job.    The  four 
schedules  selected  for  use  were  those  which  had  been  studied  thor- 
oughly as  one  tree  plots  on  several  varieties.    Treatment  four  of 
the  schedules  was  developed  at  this  laboratory.    Treatment  one  was 
developed  pretty  largely  by  L.  F.  Steiner  and  associates  at  the 
U.  S.  Deciduous  Fruit  Insect  Laboratory  at  Tincennes.  Treatments 
2  and  2A  are  outgrowths  of  the  Ohio  J^icultural  Experiment  Station's 
research  under  Dr.  C.  R.  Outright.    This  latter  sched^ole  has  been 
modified  in  various  ways  by  the  writer  as  seemed  necessary  to  best 
meet  the  needs  of  sprays  for  southern  Indiana.    Treatment  3  is  & 
schedule  suggested  by  the  Tobacco  By-Products  and  Chemical  Corpora- 
tion, 

It  may  be  said  of  each  of  these  programs  that  they  controlled 
codling  moth  satisfactorily  even  though  the  attack  by  this  insect,  as 
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recognized  by  the  writer  and  Orange  and  Lanrrence  County  growers, 
wae  about  as  heayy  ae  it  has  ever  been.    The  very  fact  that  we  are 
able  to  nake  this  statement  this  year  is  oven^elming  evidence  that 
we  now  hare  several  programs  using  lead  arsenate  cuid  at  least  two 
or  three  containing  no  lead  arsenate  which  will  control  the  heaviest 
infestations  of  the  codling  moth.    The  £lrod  orchard  is  recognized 
as  having  as  great  a  moth  population  as  any  in  this  state.    The  fact 
that  control  was  attained  this  year  adds  weight  to  the  statement 
that  "now  any  grower  can  control  the  codling  moth  satisfactorily  if 
he  will  use  the  knowledge  available."    No  such  statement  could  be 
made  a  decade  ago.  * 

Table  ^  is  self  explcmatory.    Such  cost  figures  have  never 
been  computed  in  this  orchard  heretofore.    To  most  readers  who  have 
looked  at  them  they  do  not  arrange  themselves  as  might  be  expected 
after  a  survey  of  the  schedule  applied.    This  is  especially  true 
from  the  standpoint  of  growers  who  have  discussed  the  matter  with 
the  writer.    The  one  feature  in  this  table  which  meikes  it  worth  some 
study  is  the  fact  that  the  inter-relationship  between  cost  of  materials 
and  application  on  the  one  hand,  and  codling  moth  attack  cost  on  the 
other  has  been  expressed  in  the  final  figures  in  the  columns  headed 
as  "Net".    The  net  figure  for  each  treatment  represents  the  earnings 
after  the  cost  of  materials  and  application  having  been  arrayed 
separately,  and  the  reduction  in  price  caused  by  the  codling  moth 
attack  likewise  arrayed,  had  been  deducted  from  the  original  value 
of  the  worm-free  crop.    A  study  of  these  figures  together  with 
reference  to  table  3  will  reveal  that  treatments  2  and  2A  were  the 
most  expensive  and  that  this  is  bec^se  stings  were  so  heavy  in 
these  two  plots.    Plot  3  costs  were  about  twice  as  much  in  labor ^as 
any  other  treatment  and  almost  twice  as  much  for  spre^  materials, 
yet  this  treatment  controlled  so  well  that  but  little  had  to  be 
charged  off  as  codling  moth  damage. 

Such  a  table  ^uld  be  an  excellent  one  to  consult  in  attempt- 
ing to  decide  what  spray  schedule  to  use  on  a  commercial  orchard. 
In  doing  80  however,  the  production  record  of  the  orchard  concerned 
should  be  kept  uppermost  in  mind.    This  was  the  "ON"  year  at  the 
Ilrod  orchard.    If  the  production  had  averaged  less  than  1^  bushels 
per  tree  the  net  earnings  would  have  been  less;  less  because  the 
■pray  materials  and  labor  bills  would  have  been  Just  as  large  and 
because  the  codling  moth  attack  would  have  been  the  same  but  con- 
centrated on  fewer  apples.    This  would  have  reduced  the  amount  of 
fruit  free  from  worms  and  stings.    By  the  same  manner  if  the  crop 
from  these  trees  had  averaged  more  than  13  bushels  the  net  earnings 
would  have  been  greater. 
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A  note  of  wamixig  it  most  justifiable  here*    Tour  jearu  ago 
U.  S.  Ho.  1  apples  sold  for  83  cents  per  'bushel.    If  such  were  the 
condition  of  the  apple  market  this  year  or  if  such  conditions  pra- 
Tail  again  in  the  future  the  ralue  of  vorm  free  fruit  from  these  ^0 
tree  plots  would  be  $637.50  instead  of  $2625.00,  the  figure  this 
year,    ifter  glancing  down  colunn  seren  of  table  3  (cost  of  codling 
aoth  daaage,  spray  materials  and  labor)  and  recalling  that  to  this 
cost  we  mist  add  four  scab  sprays,  a  calyx  and  a  calyx  top-off  ap* 
plication  most  years,  pruning,  picking,  packages  and  packing, 
fertiliser,  orchard  ctilture  costs,  scraping  and  banding  we  iaaediately 
realise  that  no  grower  could  operate  under  such  conditions* 

The  plot  treatments  and  the  measure  of  control  attained  at 
the  Hbcperimental  orchard  are  shown  in  table  k.    Unlike  those  at 
Xlrods  these  plot  treatments  are  not  maintained  for  the  purpose  of 
proving  ^the  practicability  of  certain  sohedtiles  but  rather  for  the 
purpose  of  studying  new  materials  and  schedules  which  seem  to  offer 
promise  after  haring  been  studied  by  Mr.  Tord  from  a  chemical  point 
of  Tiew  and  by  the  writer. 

Baring  the  19^3  >^8on  attention  was  directed  toward  the  use 
of  fiye  different  carriers  of  nicotine  (as  Black  Leaf  133)  i&  an 
atteinpt  to  find  something  that  would  make  nicotine  more  effectire 
OTer  a  longer  period  than  has  been  the  case  when  used  as  it  is  at 
present.    Tor  these  studies  three  Tarieties  of  apples  were  used 
with  two  single  tree  plots  of  each  making  six  trees  in  all.  On 
plot  fire  only,  was  the  foliage  injury  seyere.    Trait  drop  began 
first  on  the  plot  receiving  bentonite  as  was  true  at  Xlrods. 
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Ta'ble  1.         Mid-season  and  harrest  residue  analyses  of  Plot  U 
at  Elrods. 


Sanrple 
Number 

Variety 

Bate 

Picked 

Gr.  lead  per  lb. 
if  apples  had  been 
of  average  weight 

Gr.  Arsenic  per  lb. 
if  apples  had  been 
of  average  weight 

5U06 
5U07 

Vine sap 
Jonathan 

July  26 
July  26 

0.29^ 
0.115 

O.I3I+ 
0.071 

5U1U 
5I+O8 

Vine sap 

Jonathan 

Sept.  18 
Sept.  18 

0.078 
0.099 

O.OI+2 
0.055 

Tree 

top 
51+09 

Jonathan 

Sept.  18 

0.019 

0.029 

Bottom 
of  tree 

5I+IO 

Jonathan 

Sept.  18 

0.132 

0.072 

Table  2. 

nX  U.<*  o9cl  Boll 

at  Slrods. 

art  A  Ok 

Sample 
Fumber 

Variety 

Date 

Picked 

Or.  lead  per  lb. 
if  apples  had  been 
of  aTera^e  weight 

Gr.  arsenic  per  lb. 
if  apples  had  been 
of  avera^re  weight 

5^2 

with  lime 
no  lime 

Vine sap 

July  26 

0.21+7 

O.II+9 

Vine sap 

July  26 

0.163 

0.119 

51+03 

with  lime 

51+05 

Jonathan 

July  26 

Jul  V  9n 

0.11+8 
0  167 

0.081 
0.081 

5^15 

With  lime 

5^13 
no  lime 

Vine tap 
Vine sap 

Sept.  18 
Sept.  18 

0.255 

0.181+ 

0.113 

0.101 

5^12 

with  lime 

51+11 
no  lime 

Jonathan 
Jonathan 

Sept.  18 
Sept.  18 

0.330 
0.371 

0.225 

0.225 
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Table  3:    Spray  Schedulo  and  Infestation  Counts  -  Urod  Orchard  19^3 


Cover  1/ 


Materials  2/ 


Average  Injury  per  100  Traits 
(all  ▼arieties) 


?irst  Brood 


H  A  R  7  X  S  T 


Plot    Sprays     (Amounts  per  100  jgallons)    Worms    Stimes     Vorms    Stings  Affected 


1-3       1  pt.  B.L.  kO,  1  qt.  3.B.O.. 

5#  W.B.  

"5-5       g#  M.B.,  1  qt.  oil,  .1 

1  Pt.  B.L.  no 

6 


2.7 


lU.2     20.7  27.8 


M.B.,  1  qt.  S.B.O.,  1  pt. 
B.L.  UO 
7       8#  M.B.,  1  4t.  oil, 
1^.  B.L. 


1  l/i^  S.B.7.,  3#  L.A. 
2-3       ^#  I"-^-.  2  qt.  oil, 

l/2#  Soap   

3*  L.A..  7#  ZHSO^ 


II 


.6  15.6 


with  lime 
7.7     «5.7  ^7.3 

without  lime 


6 
7 

1  pt.  B.L.  40,  2  qt.  oil, 
1#  M.B. 

2  qt.  oil  -  l/2#  M.B. 

15.0 

80.6 

51.8 

1.  5-9 

ii-n 

3#  B.L.  155 

6.0 

5.9 

2^.5 

21.5 

III  2^ 

3#  B.L.  155.  2  at.  oil 

10 

2t  B.L.  155.  2  Qt.  S.B.O. 

1-3 

3lf  L.A.,  2  qt.  oil, 
l/2#  Soap 

.5 

5.5 

17.3 

32.0 

IV    U-5  & 
top-off 

5#  W.B..  1#  AlSOj^ 

2  at.  S.B.O. .  1#  13  01. 

172#  M.B..  2  at.  oil 

In tire  orchard  receired  —  April  13-22  Tour  sprays  of  liquid 

lime  suli^ur  l-60. 
Calyx  spray  put  on  Nay  7-11  —  3#  Lead  arsenate,  6#  Wet  table  sulphur. 


2/    L.A.  —  Lead  Arsenate 

B.L.  155  —  Black  Leaf  155 
B.L.  UO  —  Black  Leaf  kO 
S.B.T.  —  Soy  Bean  Tlour 
W.B.  —  Wyoming  Bentonite 


M.B.  —  Nis<«issippi  Bentonite  (X  110) 
ALSO.  —  Aluminum  Sulphate 
ZHSC*^  —  Zinc  Sulphate 

Oil  \ised  was  uulf  302  or  Shell  Spuria  22. 
S.B.O.  —  Soybean  oil 
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Table  U:    Spray  Schedule  and  Infeetatlon  Counts  -  Experimental  Orchard  19U3 


Arerage  Injury  per  100  yruits 
 (all  Tarietles)  


Cover 
Sprsiys 
after  the 

Materials  2/ 

First 

Brood 

H  A  £  y  2  S  T 

Plot 

first  1/ 

(Amounts  per  100  gallons) 

Worms 

Stings 

Worms    Stings  Affected 

T 

X 

2.3.^.5 

9  l/2#  Colloidal  77. 

2  at.  STB.O.,  7  oz,  Soai} 

1  6 

7  ft     on  0      1 Q  0 

6 

1  pt.  B.L.         1/U#  M.B.. 

2  qt.  oil  on  Winesap, 

1  Dt.  StCD  droD  added  to 
Delicious, 

Ho  treatment  on  Orimes 

II 

2.3.^.5 

9  l/2#  W.B.,  9#  AlSCi^. 
2  Qt.  S.B.O. .  2  2/3#  Soap 

1.6 

7.3 

4.5    11.6  13.0 

6 

Same  as  Plot  I 

2 

B.L.  1^5 

2.3 

8.S 

6.3     19.5  20.0 

III 

3.^.5 

9  l/2#  Talcum.  9#  AlSOj^, 
6#  B.L.  155,  2  qt.  S.B.O. 
7  OS.  Soap 

6 

Same  as  Plot  I 

2 

3#  B.L.  155 

3Ar5 

9#  AlSOk.  6#  B.L.  155. 

7  ft 

^J»y  00 

lY 

6 

1  pt.  B.L.  40.  l/l+#  M.B.. 

2  qt.  oil  on  Winesap, 
1  pt.  Stop  drop  on 

Delicious 

▼ 

2.3.^ 

9  l/2#  L.A. 

9#  Also  .  6#  B.L.  155, 
2  qt.  S.B.O.,  7  OS.  Soap 

2.2 

7.0 

U.2     17.1  15.0 

5 

Same  as  Plot  I 

1/    Whole  orchard  receired: 

March  22-23  dormant  spray;  6-5-100  Bx.  with  2.5^  Spuria  22. 

April  10-2^  four  sprays  of  liquid  lime  sulphur  I-60. 

May  3-6  Calyx  spray;  3#  Lead  Arsenate,  3#  lime,  6#  Wettaljle  sulphur. 

First  coTer  spray  on  all  plots;  l/k  Ih.  colloidal  77;  3  I^««  Lead 

Arsenate;  1  qt.  oil. 

2/    AlSOlj.  —  Aluminum  aulphate  W.B.  —  Wyoming  hentonite 

S.B.O.-  —  Soy  Bean  Oil  B.L.  155  —  Black  Leaf  155 

Oil  —  Oulf  302  Spuria  15  B.L.    kO  —  Black  Leaf  40. 
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Ralph  L.  Parker  and  Panl  0.  Lamerson,  Kansas  A^iculttiral 
Sxperiment  Station,  Manhattan. 

Zino  sulfate,  In  combination  with  lead  arsenate  and  summer  oil 
emulsion,  was  tested  on  Jonathan  foliage  during  the  seaso:i  of  19^3 
for  the  fourth  successive  year  as  a  safener  or  corrective  for  lead 
arsenate  and  as  a  control  for  codling  moth.    Summer  oil  emulsion  was 
used  in  a  series-  of  t«sts  from  the  second  through  the  fifth  cover 
sprays  to  determine  the  effect  upon  arsenic  residue  removal  at  the 
end  of  the  season.    Due  to  a  possibility  of  a  shortage  of  lead 
arsenate,  two  plots  of  nicotine — "Blackleaf  155"— pl"u.8  summer  oil 
emulsion  combinations  were  included  for  cootparison  with  the  lead 
arsenate-zinc  sulfate-oil  emulsion  combination  spray  as  a  control 
for  codling  moth. 

Seasonal  Conditions  and  Codling  Moth  Abundance 

First  Brood.    The  first  codling  moths  of  the  overwintering 
generation  were  caught  May  6  in  bait  traps.    No  catches  were  re- 
corded in  traps  between  May  6  and  21,  due  to  abnormally  cool  tem- 
peratin'eii  accompanied  by  cold  rains.    Temperatures  becajae  more 
seasonable  after  May  21  and  numerous  larval  entries  were  noted 
during  the  interval  from  June  7       12.    No  larval  entries  were 
noted  previous  to  June  7*    ^  steady  hatch  of  larvae  continued  during 
the  interval  from  June  lU  to  19 .    More  than  11  inches  of  rain  fell 
during  the  interval  from  June  7  to  I9,  hindering  spray  operations. 
Due  to  frequent  rains,  many  growers  omitted  or  postponed  second  and 
third  cover  sprays.    This  delay  resiilted  in  poor  control  of  first 
brood  larvae,  with  resultant  heavy  second  brood  control  difficulties. 
There  was  a  pronounced  decline  in  codling  moth  adult  populations 
diiring  the  interval  between  June  25  and  July  18,    On  July  18,  codling 
moths  obtained  from  an  emergence  cage  and  others  caught  in  bait  traps 
provided  evidence  that  first  brood  moths  were  in  fli^t.    First  brood 
moths  responded  to  traps  rather  poorly  during  the  first  two  weeks  of 
their  emergence.    Daring  this  interval,  the  emergence  cage  was  a  more 
reliable  index  of  activity  than  were  the  traps. 

Second  Brood.    Ten  days  following  emergence  of  first  brood 
moths,  fresh  larval  entries  were  observed.    Warm  temperatures  and 
mild  drought  conditions  during  the  interval  from  July  I5  to  September 
3  furnished  idesd  conditions  for  the  development  of  the  codling  moth. 
Largest  catches  of  first  brood  moths  were  recorded  August  I3,  26  and 
31,    There  was  a  large  hatch  of  late  larvae  during  the  interval  be- 
tween August  25  and  September  5*    Cool  weather  following  September  5 
helped  to  retard  damage  by  these  larvae.    Apparently,  larval  dsuoage 
late  in  the  season  was  by  the  progency  of  first  brood  moths. 
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Methods  ctnd  Procedure 

Tvo-tree  replicates  of  the  Jonathan  variety  were  used  for  each 
dosage  and  materied  to  he  tested.    The  i^eplicates  were  randomised 
throughout  four  rows  of  trees,  %rith  10  trees  to  the  row. 

Vor^7,  stung  and  clean  drops  were  collected  from  beneath  each 
tree  in  each  plot,  and  recorded  throughout  the  season,  Pre-harvest 
apple  drops  averaging  230  fruits  per  tree  were  recorded.  Daring 
the  19^3  season  the  characteristic  pre-harvest  Jonathan  apple  drop 
was  not  as  severe  e*;  usual.    Two  hundred  and  fifty  fruits  per  tree 
were  recorded  and  were  segregated  into  wormy,  stung  and  clean 
apples  at  liarvest  tiae. 

▲  fixed  spray  schedule  in  relation  to  the  timing  of  the  "Black- 
leaf  15^'  sprays,  as  recomMnded  by  the  Tobacco  By-Products  and 
Chemical  Corporation,  was  used  for  one  plot.    Spregr  timing  for  the 
divided  schedule,  using  "Blackleaf  155*  only  for  second  brood  con- 
trol, was  achieved  by  the  use  of  bait  traps  and  an  emergence  cage. 
The  "Blackleaf  1^3"  plo^  i^ch  was  operated  on  a  fixed  spray  schedule 
received,  on  July  S,  an  extra  first  brood  spray.    Due  to  a  heavy 
hatch  of  late  larvae,  it  was  necessary,  on  September  3»  to  apply  an 
extra  spray  to  both  nicotine  plots. 

The  "Blackleaf  155*  p3>ot  operating  under  the  fixed  schedule 
received  a  total  of  10  cover  sprays.    The  divided  schedule  nicotine 
plot  operated  under  bait  traps  and  emergence  cage  timizig,  received 
a  total  of  9  cover  sprays.    The  lead  arsenate  plot  and  ^e  lead 
arsenate-sinc  sulfate-summer  oil  emulsion  plots  received  during 
the  season  a  total  of  8  cover  sprays. 

Dae  to  the  tendency  of  the  Jonathan  variety  to  drop  its  fruit 
just  before  harvest,  two  hormone  sprays  of  naphthalene  acetic  acid 
("Viagara  Stik",  one  of  several  commercial  products)  were  applied 
on  September  1  and  September  9* 
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Kateriala  and  Doeageg 

The  combinations  of  insect! eidee  used  in  19^3  indicated 
in  table  1. 


Table  1.    Insecticides  and  dosages  used  in  control  tests  in  pounds 
per  100  gallons  of  spray  nixture. 


Treatment:    (All  treatments  -  calyx  spray,  lead  arsenate,  k  lbs.) 


1.  Lead  arsenate,  k  Ihs,  plus  sipio  sulfate,  k  ob.  plus  Superla  oil 
emulsion,  1  q.t.  Oil  left  out  after  second  through  eighth  coTer 
sprays. 

2.  Lead  arsenate,  k  lbs.  plus  cine  sulfate,  k  os.  plus  Superla  oil 
emulsion,  1  qt.    Oil  left  out  after  third  throu^  ei^th|COTer 
sprays. 

3*  Lead  arsenate,  k  lbs.  plus  sine  sulfate,  k  oi.  plus  Superla  oil 
emulsion,  1  q.t.  Oil  left  out  after  fourth  through  eighth  eorer 
sprays. 

k.    Lead  arsenate,  k  lbs.  plus  sine  sulfate,  k  os.  plus  Superla  oil 
emulsion,  1  q.t.    Oil  left  out  after  fifth  through  eighth  cover 
sprays. 

3.  Lead  arsenate,  k  lbs.  plus  sine  sulfate,  k  oz,  plus  Superla  oil 
emulsion,  1  qt.    Oil  left  out  after  third  and  sine  sulfate  after 
fifth  cover  sprays. 

6.    Lead  arsenate,  k  lbs. 

7*    Lead  arsenate,  k  lbs.  plus  sine  sulfate,  k  oz.  plus  Superla  oil 
emulsion,  1  qt.  throu^  first  k  cover  sprays  (first  brood); 
"Blackleaf  1^3",  2  lbs.  plus  Sijperla  oil,  2  qts.  fifth  through 
ninth  cover  sprays  (second  brood). 

g.    "Blackleaf  155"  schedule  of  sprays. 

First  cover,  lead  arsenate,  k  lbs.;  second  cover,  lead 
arsenate,  3  1^**  P^^*  ^*^*  ^35*  ^  l/2  lbs.;  third  cover,  lead 
arsenate,  3  ^^8*  P^^>  ^35*  2  lbs.  plus  Superla  oil,  2  qts.; 

fourth  cover,  BjL.  155,  2  lbs.  plus  St5)erla  oil  2  qts.;*  fifth 
cover,  B.L.  155t  2  lbs.  plus  Superla  oil,  2  qts.;  (beginning  of 
second  brood)  sixth  throu^  ninth  cover,  B.L.  2  lbs.  plus 
Sc^erla  oil,  2  qts.;  tenth  cover,  B.L.  155,  3 
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Inforaation  in  ranard  to  spray  dates  was  determined  by  a 
series  of  20  bait  traps.    One  set  of  10  traps  was  at  the  Blair 
experiment  orchard,  Blair,  Kansas,  and  the  other  set  at  the  I^ank 
Lehman  orchard,  Wathena,  Kansas.    Daily  codling  moth  catches  and 
spray  dates  were  furnished  to  the  orchardists  by  the  Doniphan 
County  farm  Bureau,  Troy,  Kansas. 

Spray  dates  for  the  19^3  season  were  as  follows:    Lead  arsenate 
combinations:    Calyx,  Nay  3;  first  cover.  May  21;  second  cover, 
June  3;  third  cover,  June  1^;  fourth  cover,  June  22;  fifth  cover, 
July  20;  sixth  cover,  July  30;  seventh  cover,  Au^st  11,  and  eighth 
cover,  August  23*    "Blackleaf  155"  schedule:    Calyx,  Nay  3;  first 
cover,  Kay  21;  second  cover,  June  3;  third  cover,  June  11;  fourth 
cover,  June  22;  fifth  cover,  July  9;  sixth  cover,  July  20;  seventh 
cover,  July  3^;  eighth  cover,  August  11;  ninth  cover,  August  23,  and 
tenth  cover,  September  3* 

At  harvest  tine  samples  of  apples  from  all  lead  arsenate  plots 
were  analyzed  for  arsenic  residue. 

Results 

In  recording  the  data  on  injured  fruits,  moltiple  stings  or 
larvae  in  any  one  fruit  were  not  considered.    Vhen  a  fruit  had  larvae 
and  stings  present,  such  a  fruit  was  classified  as  "wormy". 

The  arsenical  injury  (spray  bum)  to  foliage  was  determined  by 
comparative  observation  of  leaf  color  or  injury  and  the  retention  of 
foliage  at  the  end  of  the  growing  season.    The  trees  in  plot  6 
sprayed  with  lead  arsenate,  without  safener,  showed  the  most  severe 
arsenical  injury  to  foliage.    By  September  1,  approximately  60  per- 
cent of  the  foliage  had  been  lost  from  the  trees  in  this  plot.  Trees 
in  plot  5      which  the  zinc  sulfate  was  omitted  after  the  fifth  cover 
spray  also  showed  marked  arsenical  injury  to  foliage.  Approximately 
kO  percent  foliage  loss  was  caused  }3y  the  use  of  3  non-corrective 
spray  applications  of  lead  arsenate.    Trees  in  plots  1  to  k,  in  which 
sine  sulfate  was  used  as  a  safener  throughout  the  season,  retained 
their  foliage  in  good  condition  until  harvest*  Septeiober  20  and  21. 
There  was  little  loss  of  foliage  from  the  trees  in  these  plots. 

Trees  in  plots  7  cui^  ^  sprayed  with  nicotine  had  relatively 
little  injured  foliage.    In  this  respect,  the  foliage  of  trees  in 
these  plots  was  equal  to  or  someiAiat  superior  to  that  of  the  plots 
sprayed  with  the  zinc  sul fate-lead  arsenate- summer  oil  emulsion 
sprays. 


The  application  of  two  hornone  tprays  of  "Niagara  Stlk"  pre- 
Tentad  the  pre-harreet  apple  drop  and  made  adequate  coloring  of 
fruit  possi'ble  on  the  lead  cLrsenate-sinc  sulfate- suamer  oil  eamlsion 
plots,    ippll cations  of  this  hormone  spray  were  made  on  September  1 
euid  September  9*  fruit  vas  still  firmly  attached  to  the  twigs 

on  September  20  when  the  apples  were  harvested. 

In  the  hadly  defoliated  lead  arsenate r  without  safener,  plot, 
there  appeared  to  be  a  marked  tendency  of  the  trees  to  drop  fruit 
early.    Pre-^harrest  apple  drop  started  August  3lt  ^en  the  two  trees 
of  this  plot  had  more  than  ^00  apples  on  the  ground.    By  way  of  con- 
trast, the  lead  arsenate-sino  svilf ate- summer  oil  emulsion  plots  had 
only  a  few  fruits  on  the  ground  on  that  date. 

Data  of  the  Tarious  insecticide  tests  for  the  control  of  codling 
moth  in  the  Blair  experiment  orchard  at  Blair,  Kansas,  are  recorded  in 
table  2. 
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Discussion 

The  objects  of  the  tests  for  the  season  of  19^3  were  to  ob- 
serve the  effectiveness  of  the  materials  tested  in  codling  moth 
control,  to  observe  spray  injury  to  foliaige,  and  to  deternine  the 
effectiveness  of  nicotine  sprays  "because  of  a  possibility  of  a 
future  shortage  of  lead  arsenate. 

The  set  of  fruit  at  the  Blair  experiment  orchard  was  light 
and  unevenly  distributed.    At*  the  time  of  bloom,  a  frost  during 
the  first  week  in  May  reduced  the  set  of  fruit  to  one-fourth  nor- 
mal, with  the  resultant  effect  of  a  high  concentration  of  larvae 
in  the  remaining  apples.    The  severity  of  the  attack  on  the  apples 
also  wag  increased  by  the  poor  timing  and  omission  of  several  cover 
sprays  to  the  trees  adjacent  to  the  experiment  plots.    The  infesta- 
tion of  codling  moth  was  large,  since  there  had  been  a  medium  to 
large  apple  crop  in  19^2.     The  I9U3  yield  ranged  from  3  1/2  to  ik 
"field  boxes"  l/  per  tree.    Since  the  treatment  and  yield  of  trees 
within  the  same  plot  varied  widely,  the  control  percentages  varied 
considerably  with  tree  records  with  the  same  dosage  of  insecticide. 
In  general,  the  trees  of  any  given  plot  showing  the  smallest  yield 
also  had  the  severest  injury  to  fruit  by  codling  moth.    Heavy  rains 
during  June  hindered  and  delayed  the  timely  application  of  cover 
sprays,  v^ich  further  complicated  the  codling  moth  control  problem. 
Delays  in  first  brood  sprays  resulted  in  poor  control,  a  heavy 
second  brood,  and  a  large  percentage  of  stung  fruit  at  the  close  of 
the  season. 

Arsenic  tolerance  of  0.025  gfain  of  arsenic  per  pound  of 
apples,  is  allowed  by  the  Federal  Security  Agency.    The  use  of  oil 
in  the  fourth  and  fifth  cover  sprays  increases  the  difficulty  of 
removing  the  arsenic  from  the  harvested  apples  by  the  standard  acid 
wash  (table  2). 

Siinrmary 

The  comparisons  of  injured  and  non-injured  apples  are  given 
in  table  2,  which  is  a  summary  accounting  for  all  apples  dropped  or 
harvested. 

The  trees  in  plot  8  sprayed  with  "Blackleaf  155"  and  summer 
oil  emulsion  under  the  fixed  spray  schedule  gave  the  most  effective 
control  as  expressed  as  clean  fruit  per  plot.    This  plot  had  next 
to  the  highest  percent  of  wormy  apples  in  the  8  insecticide  com- 
bination tested.    Ten  cover  sprays  were  apDlied  to  this  plot  during 
the  season. 


1/    A  "field  box"  contains  1  l/U  bushels  of  apples 
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The  trees  in  plot  k  sprayed  with  S  cover  sprays  of  lead 
areenate-«inc  sulfate- suaimer  oil  (oil  in  5  cover  sprays)  gave  the 
second  best  control  in  clean  fruit  per  plot.    This  plot  had  next 
to  the  lowest  percent  of  worny  apples  in  the  S  insecticide  com- 
binations  tested. 

The  trees  in  plot  7  sprayed  with  lead  arsenate  and  zinc  sul- 
fate to  control  the  first  brood  larvae,  and  with  "Blackleaf  155" 
and  oil  for  second  brood  larvae  control  (biological  spray  timing), 
ranked  third  in  clean  fruit.    This  plot  had  the  hi^est  percent  of 
woray  apples  in  any  of  the  insecticide  combinations  tested. 

The  trees  in  plot  6  sprayed  with  lead  arsenate,  without 
tafener,  produced  the  lowest  percent  of  clean  fruit  in  all  the  S 
insecticide  combinations  tested.    The  trees  in  this  plot  showed 
60  percent  arsenical  injury  to  foliage  with  subsequent  defoliation. 

Tb.B  trees  in  plot  5  sprayed  with  zinc  sulfate,  ithich  was 
omitted  after  the  fifth  cover  spray,  h^d  ^0  percent  foliage  loss. 

Hhe  trees  sprayed  with  sine  sulfate  as  a  safener  throughout 
the  season  had  excellent  foliage  at  harvest  time. 

Qie  trees  in  the  nicotine  plots  had  excellent  foliage  at  the 
end  of  the  spray  season.    The  trees  in  these  plots  had  the  fewest 
stung  applet  per  plot  but  they  also  produced  the  greatest  percent 
of  worsQr  apples  per  plot.The  gain  sectired  in  fewer  stung  fruits 
could  be  accounted  for  by  the  toxic  action  upon  the  young  larvae 
of  the  nicotine  and  the  extra  cover  sprays  applied  to  these  plots. 

The  application  of  two  hormone  sprays  of  naphthcdene  acetic 
acid — "Niagara  Stik"— effectively  held  the  apples  on  the  trees 
until  they  gained  adequate  color  and  were  harvested  September  20 
and  21.    During  the  season  of  19^2,  the  trees  in  the  zinc  sulfate- 
oil  emulsion  plots  dropped  their  fruit  during  the  preharvest  drop 
before  adequate  color  was  obtained.    The  use  of  hormone  sprays  over- 
came this  difficulty  in  19^3*  tendency  toward  a  heavy  preharvest 
drop,  however,  was  less  marked  in  19^3  than  in  19^2. 

The  color  of  the  fruit  on  the  trees  in  the  nicotine  plots 
appeared  to  be  somewhat  dulled  at  harvest  as  compared  to  that  of 
some  of  the  lead  arsenate  combination  plots.    Ubis  dullness  dis- 
appesired  after  the  fruit  was  put  throu^  a  fruit  washer.    Then  the 
apples  appeared  as  glossy  and  bright  as  any  sprayed  with  lead 
arsenate. 
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The  control  of  codling  moth  in  the  spray  test  plots  in  I9U3 — 
a  light  fruit  crop  year — yras  only  about  one  third  as  ef fee tire  in 
relation  to  stung,  vonqr  and  clean  fruit  as  was  the  control  ob- 
tained in  the  test  plots  in  I9U2. 

In  general,  the  trees  in  the  plots  in  idiich  lead  arsenate- 
Bine  sulfate->euiimer  oil  enulsion  was  used  had  fewer  wormy  and  many 
more  stung  apples  than  those  in  the  nicotine  plots. 

The  percentage  of  control  obtained  in  19^3        poor  but,  in 
marketable  fruit,  the  control  was  fair.    Many  of  the  fruits  recorded 
as  stung  had  small,  well  healed  stings,  so  small  as  scarcely  to  affect 
the  salability  of  the  fruit. 

Due  to  frequent  and  hea'vy  rains  during  the  spring  and  early 
summer,  the  most  effeotiTe  control  of  codling  moth  in  the  plots 
treated  with  lead  arsenate-zinc  sulfate- summer  oil  emulsion  occurred 
in  the  plots  which  received  the  most  oil  sprays  during  the  season. 

All  samples  of  harrest  apples,  when  analyzed  for  arsenical 
residue,  had  more  than  the  tolerance  of  0.02^  grain  of  arsenic  per 
pound  of  fruit.    The  acid  wash  reduced  all  of  the  'residues  to  below 
tolerance. 


OHTUCET 

v.  A.  Price,  Kentucky  Agricultural  Sxperiment  Station, 
Lexington 

'there  waa  an  unusually  small  jarryorer  of  codling  moth  worms 
from  I9U2  but  19^3  conditions  were  favorable  for  codling  moth  develop- 
ment.   At  Paduceh,  moths  from  overwintering  worms  began  emerging 
April  2S  and  continued  to  do  so  into  early  June.    First  generation 
moths  began  emerging  June  29  ond.  continued  emerging  throu^  July. 
During  August  and  early  September,  in  some  orchards,  there  was  a 
heavy  emergence  of  second  generation  moths.    At  Lexington,  moths 
from  overwintering  worms  began  emerging  May  I6  and  continued  to  do 
so  through  the  second  week  of  June.    Ibnergence  of  first  generation 
moths  began  July  lU. 

Ho  detailed  control  experiments  were  conducted.    At  the 
Lexington  Station  orchard  an  intensive  lead  ar senate-weak  bordeaux 
spray  program  resulted  in  an  unusually  clean  crop.    In  the  young 
orchard.  Red  Delicious  had  92.6^  clean  fruit,  3.7^  stung  and  1*7^ 
wormy.    Staymans  nad  93*9^  clean  fruit,  2*9^  stung  and  3*2^  wormy. 
Vinesaps  had  98^  clean,  l.ji  stung  and  0.^2^  wormy.    In  the  old 
orchard  Bed  Delicious  had        clean,  18^  stung  and  28^  wormy. 


-  31  - 


Severed  Western  Kentucky  growers  who  were  unable  to  obtain 
control  of  codling  moth  with  lead  arsenate  spray  programs,  produced 
fine  crops  of  clean  fruit  using  nicotine  bentonite. 


MASSACHUSETTS 

A.  I.  Bourne,  Massachusetts  Agricultural  Experiment  Station, 
Amherst. 

I.       In  eastern  Massachusetts  there  apparently  was  a  slight  in- 
crease in  both  the  prevalence  of  moths  and  in  the  amount  of  damage 
from  codling  moth,  but  on  the  ^ole  the  damage  was  not  particularly 
serious.    I  think  that  in  the  western  part  of  the  state  there  was 
somewhat  heavier  infestation,  and  in  some  particular  orchards  there 
was  a  decided  increase  in  the  eunount  of  damage  over  the  last  two  or 
three  seasons. 

III.  A. 

(l)    Lead  arsenate.    In  cooperation  with  the  DepfiLrtments  of 
Pomology  and  Plant  Pathology  we  ran  orchard  tests  of  various 
insecticides  for  control  of  orchard  pests  including  codling 
moth,  and  since  we  were  also  studying  effects  of  various  com- 
binations on  apple  scab  our  results  are  based  on  the  yield 
records  of  Mcintosh  at  harvest,  that  variety  being  very  sus- 
ceptible to  apple  scab  and  is  the  predominant  commercial 
variety  in  the  State. 

In  the  plots  receiving  the  standard  schediile  which  is 
recommended  for  general  conditions  in  Massachusetts  there 
was  23  percent  codling  moth  and  5  percent  apple  scab  as  com- 
pared with  72  percent  codling  moth  and  96  percent  scab  on 
unsprayed  checks.    This  was  a  considerable  increase  in  the 
amount  of  codling  moth  damage  over  19^2  and  the  percentage 
of  increase  was  proportionally  the  same  in  the  treated  and 
in  the  check  plots. 

(U)  a.    Pixed  nicotine.    A  special  application  of  fixed 
nicotine  (Black  Leaf  155)  application  midway  between 

our  second  and  third  cover  spreiys  reduced  codling  moth 
damage  to  I3  percent,  10  percent  lower  than  was  secured 
from  the  regular  standard  schedule  containing  lead  arsenate. 
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One  application  of  a  fixed  nicotine  spray  (Black 
Leaf  155)  replacing  lead  arsenate  in  the  fourth  cover 
spray  reduced  codling  moth  damage  to  7  percent,  and  when 
this  wa,s  followed  tj  an  additional  application  of  fixed 
nicotine  applied  aljout  mid-August,  injury  was  cut  to  5 
percent,  a  reduction  of  JS  percent  from  that  secured  by 
the  standard  schedule  and  92  percent  reduction  in  the 
amount  of  damage  from  unsprayed  checks. 

(k)  d.    Nicotine  in  a  "base  of  glyceride  oils  (DX  nicotine) 
in  a  modified  schedixle  which  called  for  reduced  strengths 
of  lead  arsenate  in  the  cover  sprays  held  codling  moth 
damage  to  5  percent,  a  7^  percent  reduction  from  the  standard 
schedule,  and  with  approximately  the  same  protection  against 
apple  Bceibt  and  giving  a  protection  to  the  fruit  equivalent 
to  two  applications  of  fixed  nicotine  mentioned  ahove. 

IT.      Prom  the  evidence  furnished  "by  representatives  of  the  leading 
insecticide  companies  operating  in  Massachusetts  and  from  reports 
hy  the  growers,  sufficient  supply  of  insecticides  was  available  for 
the  needs  of  the  growers  in  the  State.    There  may  have  heen  some 
exceptions  to  this  "but  they  were  not  "brought  to  our  attention.  I 
mention  this  latter  item  "because  of  the  remarks  made  by  insecticide 
salesmen.    The  larger,  standard  cosipanles  which  have  been  operating 
In  the  State  for  many  years  made  every  effort  to  see  that  the  needs 
of  their  regular  customers  were  supplied,  and,  so  far  as  I  have  been 
able  to  discover,  adequate  supplies  were  made  available.    In  this 
State,  as  I  presume  in  many  others,  there  are  a  certain  number  of 
what  the  trade  refers  to  as  "wUdcat"  buyers  who  have  been  in  the 
habit  of  shopping  about  from  company  to  company  before  placing 
their  order,  trying  to  get  one  company  to  bid  against  the  other 
and  seldom,  if  ever,  placing  their  entire  order  with  one  company  or 
at  least  seldom  doing  so  more  than  two  years  in  succession.  These 
men  in  some  cases  had  difficulty  in  getting  their  supplies  or,  In 
other  words,  they  were  taken  care  of  after  the  needs  of  the  regular 
customers  were  satisfied  but,  even  so,  I  do  not  know  of  any  Instances 
where  the  control  program  was  seriously  interfered    with  because  of 
lack  of  materials. 

In  regard  to  spray  equipment  there  was  very  little  new  material 
available,  and  this  was  allocated,  so  far  as  possible  to  fit  the  most 
pressing  needs.    lor  the  most  part  the  growers  had  to  patch  up  and 
recondition  the  equipment  which  they  already  had.    When  we  consider 
the  transportation  limitations  and  other  difficulties  incidental  to 
the  war  emergency,  the  growers  owe  a  great  deal  to  the  various  com- 
panies *rtio  handle  spray  materials  and  spray  equipment  for  their  very 
sincere  suad  strenuous  efforts  to  see  that  the  needs  of  tl^e  fruit  In- 
dustry are  supplied. 
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MISSOUEI 

Lee  Jenkins,  Missouri  i^ri cultural  Experiment  Station, 
Coluiabia 

I.  Seasonal  conditions  and  status  of  codling  moth  infestations 
during  19^3. 

The  codling  moth  population  carrying  over  winter  was  fairly 
high  in  the  University  orchard  near  Columbia,  where  the  major  part 
of  the  spray  plat  work  was  done.    The  season  was  favorable  for  cod- 
ling moth  control  during  the  first  brood.    The  first  moths  were 
about  a  week  later  coming  out  than  usual,  and  frequent  rains  during 
May  and  June  held  worm  populations  to  a  low  point  during  the  first 
brood.    Weather  conditions  d\iring  July  and  August  were  favorable 
for  codling  moth  development  and  the  major  portion  of  the  damage 
was  done  to  the  fruit  during  this  period, 

II .  Studies  on  codling  moth  biology  or  behavior. 

No  biological  studies  were  carried  on  in  19^3*  except  for  the 
bait  trap  records  kept  each  season  in  five  areas  of  the  state. 

III.  Results  of  control  experiments. 

Bxperimental  set-Up.    USae  major  part  of  the  experimental  work 
in  19^3  Vfas  done  in  the  University  orchards  near  Columbia,  in  co- 
operation with  H.  Cx.  Swartwout  of  the  Horticulture  Department,  ^o 
prepared  the  report  on  spray  injury  to  foliage  and  fruit  Included 
in  this  paper.    Jonathan  and  Golden  Delicious  were  used  in  the 
tests.    The  Jonathan  trees  were  not  very  omiform  with  regard  to 
size  and  crop.    The  Golden  Delicious  were  fairly  uniform  in  size 
of  trees  and  amount  of  crop. 

Additional  cooperative  spray  plats  were  located  at  the  State 
Trult  Experiment  Station  at  Mountain  Grove,  In  cooperation  with 
Director  Paul  H.  Shepard,    The  Champion  trees  used  in  these  ex- 
periments were  fairly  uniform  in  size,  but  varied  considerably  in 
amount  of  crop. 

Injury  to  foliage  or  fruit  (at  Columbia).    Lead  arsenate  was 
used  at  3-100  except  in  the  third  and  fourth  covers,  when  owing  to 
heavy  rains  and  a  large  codling  moth  population  In  the  experimental 
orchard  the  dosage  was  Increased  to  U-100.    The  trees  were  thoroughly 
covered,  using  more  material  than  is  applied  by  the  general  run  of 
growers,  but  the  amount  would  not  be  considered  as  excessive.  Rains 
8Lnd  heavy  dews  in  the  spring  and  early  summer  were  unusually  favorable 
to  arsenical  injury. 


Lead  arseziate  without  a  corrective  caused  nearly  complete 
defoliation  of  Jonathan  hy  midsuffiBief  •    By  late  summer*    injury  to 
Golden  Delicious  leaves  was  severe  and  the  trees  did  not  mature 
the  fruit  properly. 

Lead  arsenate  with  1-1-100  zinc  and  l/ 2-1-100  Bordeaux  as 
safeners  almost  eliminated  arsenical  injury  to  the  foliage  of  Oolden 
Delicious  throughout  the  season  and  held  injxiry  to  Jonathan  leaves 
to  no  more  than  a  trace  until  near  the  end  of  the  season  when  light 
injury  appeared,  but  it  was  markedly  less  than  with  lead  arsenate 
alone.    Neither  of  the  safeners  beginning  in  the  second  cover  in- 
creased fruit  russeting,  nor  did  they  decrease  russeting.  Little 
russet ing  was  evident  on  Golden  Delicious  fruit  this  year,  hut 
sprayed  Jonathan  fruit  was  much  russeted,  apparently  due  to  calyx 
and  first  cover  applications  of  lead  arsenate  since  the  fruit  on 
unsprayed  Jonathan  treec  was  nearly  free  of  russet. 

A  copper  arsenate,  "^100  with  1-1-100  zinc-lime  safener,  be- 
ginning with  the  second  brood  sprays,  caused  practically  no  leaf  or 
fruit  injury  on  Jonathan  and  Oolden  Delicious.    It  was  not  used  this 
year  without  a  safener,  as  experience  in  the  two  preceding  years  indi- 
cate that  without  a  safener  severe  foliage  burning  could  be  expected. 

▲  fixed  nicotine.  Black  Leaf  155  at  3-100,  %dthout  oil  beginning 
in  the  second  cover  caused  no  detectable  ill  effects;  The  foliaige  and 
fruit  were  especially  bright  and  glossy. 

Ifhere  l/2  gallon  of  a  sojumer  oil  in  100  was  added  to  Black  Leaf 
155  at  2-100  beginning  in  the  second  cover,  the  surface  of  the  fruit 
was  dulled  and  the  leaves  had  a  dull  oily  appearance.    The  fruit  of 
Golden  Delicious  was  decidedly  Tinattractive,  although  the  flavor  stnd 
eating  quality  did  not  seem  to  be  affected. 

Where  Black  Leaf  155  with  oil  was  used  beginning  in  the  second 
brood,  an  oily  appearance  to  the  foliage  and  fruit  could  be  detected, 
but  the  dulling  of  the  fruit  surface  was  much  less  pronounced  than 
where  applications  were  begun  in  the  second  cover* 

A.    Control  by  insecticides. 

The  data  included  in  this  report  is  from  plats  in  the 
University  orchard  at  Columbia,  and  from  plats  in  the  State 
I^it  Experiment  Station  orchard  at  Mountain  Grove. 

The  following  arsenical  materials  were  used  on  the  Golden 
Delicious  plats  at  Columbia  (dosagesare  for  100  gallons):  (l) 
Lead  arsenate  alone,  (2)  lead  arsenate  and  Safe-N-Lead,  (3) 
lead  arsenate  and  bordeaux,  {h)  lead  arsenate  and  zinc  bordeaux, 
and  (5)  lead  arsenate  in  first  brood,  followed  by  four  covers  of 
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copper  arsenate  plus  1-1-100  zinc-lime.    All  lead  arsenate 
cover  sprays  included  3  potmds,  except  the  third  and  fourth 
covers  which  included  k  pounds.    Sight  covers  of  lead  arsenate 
were  used,  the  last  one  applied  on  August  2* 

The  following  comibined  lead  arsenate  and  nicotine  plats 
were  also  included  in  the  experiments:    (l)  Black  Leaf  1^5 t 
3  pounds,  without  oil,  (2)  Black  Leaf  1^5*  2  pounds,  plus  I/2 
gallon  oil,  (3)  Black  Leaf  155*  2  pounds,  plus  I/2  gallon  oil 
beginning  with  the  second  hrood,  and  {k)  Nico-sol,  3  quarts, 
plus  hentonite,  1  pound,  in  fifth  cover,  and  Kico-sol,  2 
quarts,  plus  hentonite,  1  pound,  in  sixth  seventh,  ei^th  and 
ninth  cover  sprays.    The  full  season's  schedule  of  Bletck  Leaf 
135  included  3  pounds  lead  arsenate  in  the  first  cover  and 
eight  covers  of  Black  Leaf  155        oil,  the  last  spray  being 
applied  on  August  23*    The  Black  Leaf  135        oil  beginning  in 
the  second  brood  had  foTxr  first  brood  sprays  of  lead  arsenate 
and  five  Black  Leaf  155        oil  sprays  on  the  same  schedule  as 
where  eight  covers  of  Black  Leaf  135  were  used.    The  Nico-sol 
cmd  bentonite  applications  started  with  the  second  brood, 
following  four  lead  arsenate  sprays  for  the  first  brood. 

The  following  table  gives  the  results  secured  on  Oolden 
Delicious: 


Treatment 

No. 
Trees 

5& 

Woraor 

Stung 

Lead  alone 

2 

12.5 

21.5 

65.9 

Lead  Arsenate  with  Safe-9-Lead 
(beginning  3rd  cover) 

2 

,  16.3 

22.7 

60.9 

Lead  Arsenate     I/2-I-IOO  Bordeaux 
(beginning  2nd  cover) 

1 

Lead  Arsenate  with  1-2-100  Bordeaux 

added,  beginning;  2nd  cover 

1 

?5-i 

25.2 

Lead  Arsenate  -^  1-1-100  Zinc-lime 

(beginning  2nd  cover) 

2 

17.5 

31.1 

51.1 

Lead  Arsenate  with  2-2-100  Zinc  Bordeaux, 

beginning  2nd  cover 

1 

27.2 

28.8 

UU.o 

Copper  Arsenate     1-1-100  Zinc-lime, 
beginning  5th  cover 

2 

59.? 

16.8 

Black  Leaf  133  alone  3-100, 
beginning  2nd  cover 

1 

21. U 

17.9 

60.6 

Black  Leaf  133  and  Oil, 
beginning  2nd  cover 

1 

lk,2 

7-1 

78.7 

Black  Leaf  135  and  Oil, 
beginning  in  2nd  brood 

k 

15.8 

16.1 

68. 

Hico-sol  and  Bentonite, 
beginning  in  2nd  brood 

2 

1S.9 

18.1 

6j. 
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These  results  on  Golden  Delicious  and  in  the  Jonathan 
"blocks,  at  Columbia,  showed  a  trend  toward  more  clean  fruit 
where  nicotine  and  oil  were  used,  "beginning  with  the  second 
cover  or  with  the  second  "brood  sprays,  than  where  lead  ar- 
senate was  used  alone.    There  also  was  a  trend  toward  poorer 
control  where  safeners  were  added  to  the  lead  arsenate. 

At  Mountain  Grove,  there  appeared  to  be  a  slight  decrease 
in  control  where  a  safener  was  added  to  the  lead  arsenate. 
The  nicotine  plat  gave  less  control  than  the  lead  arsenate, 
probably  due  to  omission  of  oil  in  the  fifth  cover. 

At  Mountain  Grove,  three  plats  were  sprayed  with  the 
following  materials:     (l)  Eight  covers  of  lead  arsenate, 
3  pounds,  (?)  Same  as  (l)  plus  1-1-100  zinc-lime  beginning 
with  second  cover,  (3)  lead  arsenate  and  Black  Leaf  1^5 • 
Same  as  (2)  for  first  three  covers,  and  2  pounds  Black  Leaf 
155  plus  1/2  gallon  oil  in  fourth,  2  pounds  B.L.  I55  in 
fifth,  and  1  I/2  pounds  B.L.  155  plus  l/?  gallon  oil  in 
sixth,  seventh  and  eighth.    All  plats  were  sprayed  on  the 
same  schedule. 

The  following  table  gives  the  results  secured  in  the  ex- 
perimental plats  at  Mountain  Grove  on  Champion  apples: 


Treatment 

No. 

Trees 

Woriqy 

'"  -ong 

Clean 

Lead  ArsenL.te  alone 

k 

20.7 

1+0.3 

Lead  Arsenate  plus 
Zinc-lime  1-1-100 

k 

46.5 

36.3 

Lead  Arsenate  plus 
Black  Leaf  155 

k 

57.6 

i?.7 

2g.6 

t'laterials  for  use  against  mature  larvae  or  pupae  in 
cocoons.    The  codling  moth  spray  for  dormant  application 
developed  by  Yothers  at  Yakima  was  applied  to  Wine sap  tree 
trunks  on  April  3t  19^3*  *o  see  what  effect  it  would  have 
on  overwintering  larvae  on  tree  irunks  in  Missouri.  The 
formula  used  was  the  ^•,6-dinitro-ortho-cres'"l  .5'/^t  sodium 
lauryl  sulfate  .5^1  and  1.5>  of  each  of  the  following  pene- 
trants:    Ethylene  glycol  mono  butyl  ether  and  trichloro- 
ethylene.    Tests  were  also  made  using  the  same  formula 
without  the  penetrants. 


An  application  was  mad^e  on  BendaTis  trees,  using  a  spregr 
coHtpolBed  of  Elgetol,  1  quart,  plus  l/2  gedlon  fuel  oil  and 
k  ounces  sodiuia  lauryl  sulfate,  and  vater  to  make  3  gallons. 

In  fill  applications  the  tree  trunks  were  thoroughly 
soaked  vith  the  spray,  using  a  hordeauz  nozsle  with  a 
pressure  of  l)etveen  1^0  and  200  pounds.    Hone  of  the  appli- 
cations gave  any  kill  of  codling  moth  larvae. 

17.       There  vas  no  serious  difficulty  experienced  by  growers  in 
obtaining  spray  materials.    Bepaire  and  equipment  were^more  diffi- 
cult to  obtain,  but  growers  were  able  to  maintain  their  equipment 
reasonably  well. 


B.  J.  Briggers,  New  Jersey  Agricultural  Szperiment  Stationi 
New  Brunswick. 

I .  Seasonal  conditions  and  Status  of  Codling  Moth  Infestations 
during  1943. 

lEhe  beginning  and  peak  of  adult  codling  moth  emergence  during 
I9U3  in  New  Jersey  was  about  normal.    First  egg  hatching  of  first 
brood  was  observed  in  the  Glassboro  district  on  May  20,  causing  the 
second  or  l^day-after-petal-fall  spray  to  be  an  importcmt  codlixig 
moth  cover  spray.    May  and  June  were  fairly  wet  and  cool  which 
favored  codling  moth  control  except  that  in  some  low  lying  exe&t  oi 
orchards  soft  ground  prevented  spraying  at  the  proper  time. 

The  last  half  of  July,  August  and  September  were  dry,  border-* 
ing  on  drou^t  conditions  in' many  orchards*    Under  these  conditions 
second  brood  and  a  partial  third  brood  of  worms  caused  considerable 
damage  in  some  orchco'ds.    Complicating  and  adding  to  the  codling 
moth  damage  was  the  fact  that  in  many  orchards  of  central  and  southern 
New  Jersey  the  apple  crop  was  light,  particularly  on  fall  and  winter 
varieties. 

II .  Studies  on  Codling  Moth  Biology  or  Behavior. 

No  specific  work  was  engaged  in  along  this  line.    Cages  and 
bait  pans  were  used  and  recommended  to  time  codling  moth  emergence. 
Bait  pans,  using  molasses  and  water  1^10  plus  yeast  were  generally 
used.    The  beginning  and  peak  of  overwintering  codling  moth  emergence 
was  timed  well  with  bait  pans.    However,  this  bait  was  not  very 
effective  in  timing  second  brood  worm  attack.    Relatively  few  moths 
were  attracted  to  the  bait  pans  in  July  and  August. 
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III ,     Result g  of  Control  BxperimentB. 

A.    Oontrol  by  InBectlctdes. 

Held'  spraying  ezperlmentB  for  codling  moth  control  in 
191^3  were  limited  to  experiments  designed  to  coarpare  the 
effect  of  (1)  adding  I/2  pint  of  nicotine  sulfate  to  each 
cover  spray  of  an  oil-lead  arsenate  spray  emd  (2)  adding 
1  pint  of  nicotine  sulfate  in  two  coyer  sprays  at  the  peak 
of  first  brood  and  in  one  cover  spray  at  the  peak  of  second 
brood. 

A  fifteen  row  block  of  Eome  trees  was  divided  into  three 
plots  of  five  rows  each.    All  three  plots  received  the  spe- 
cial spray  schedule  recommended  for  orchards  in  southern  New 
Jersey  where  codling  moth  is  a  serious  problem.    Shis  con- 
sists of  lead  arsenate  in  the  calyx,  followed  by  lead  arsenate 
plus  fungicide  7        1^  days  after  calyx,  followed  by  oil-lead 
ar senate-bordeaux  21  €tnd  31  days  after  calyx,  followed  by  a 
fifth  cover  spray  of  lead  arsenate-bordeaux  Ml  days  after  the 
calyx  spray.    Three  second  brood  sprays  are  recommended  using 
lead  ar senate-weak  bordeaux  with  summer  oil  at  ovicidal 
strength  in  the  second  of  these  three  sprays. 

The  first  of  the  three  plots  was  sprayed  as  above  out- 
lined plus  1/2  pint  of  nicotine  sulfate  to  100  gallons  in 
each  of  the  8  cover  sprays.    Plot  2  was  sprayed  with  the 
basic  schedule  plus  nicotine  sulfate  1  pint  to  100  gallons, 
in  the  2nd,  3*^        7th  cover  sprays.    Plot  3  received  only 
the  basic  schedule  of  oil-lead  arsenate  and  served  as  a  check 
plot  for  plots  1  and  2. 

To  determine  relative  codling  moth  control  in  the  three 
plots,  six  trees,  uniform  in  size  and  crop,  were  selected  in 
each  plot.    The  wormy  drops  under  these  18  trees  were  re- 
corded weekly  from  July  1  to  September  I3.    The  results  are 
summarized  in  table  1. 


Table  1.    Summary  of  results  of  control  experiments^ 


Plot        Vormy  Dropped  Apples  6  Trees  Wormy  Dropped  Apples  per  Tree 

Ho.    1st  Brood    2nd  Brood    Both  Broods    1st  Brood    2nd  Brood    Both  Broods 


1 

85 

619 

1^.3 

103 

117 

2 

iiif 

1U59 

1573 

19.0 

2^3 

262 

3 

^26 

1897 

2323 

71.0 

316 

387 

39 


IT.       Experience  of  Grovers  in  Obtaining  Ineectlcideg  and  Spray 
Equi-pment  during  19^3-  ' 

Ho  particular  difficulty  was  encountered  in  obtaining  aiif- 
ficient  of  the  basic  spray  materials  such  as  lead  arsenate,  oil, 
lime,  nicotine  and  copper.    Spray  eq\iipment,  particularly  parts 
and  service,  was  difficult  to  secure.    The  number  of  so-called 
"Speed  Sprayers"  in  the  state  was  doubled  over  the  number  in 
operation  in  19^2.    Growers  generally  reported  satisfactory  re- 
sults with  them  particularly  from  the  labor  savings  angle.    A  few 
growers  took  too  literally  the  "Speed"  part  of  the  name  and  tried 
to  cover  too  much  acreage  with  one  machine.    Results  were  not  sat- 
isfactory as  mi^t  be  expected. 


BZV  TOBE 

5.  W.  Ear  man.  Hew  York  State  Agricultural  Sixperiment  Station, 
Geneva. 

The  winter  of  19^2-^3  experienced  three  sub-zero  periods 
which  probably  accounted  for  a  higher  overwintering  mortality  of 
codling  moth  caterpillars  than  normal.    However,  a  favorable  season 
following  developed  into  one  of  the  more  difficult  years  in  which 
to  control  this  insect. 

Control  by  Insecticides,  Experimental. 

Organic  insecticides  were  used  to  control  the  codling  moth 
in  the  second  brood  sprays,  following  first  brood  treatments  with 
leeui  arsenate.    The  materials  mentioned  are  in  order  of  their  effi> 
ciendy,  the  most  efficient  heading  the  list.    Lead  arsenate  is  in- 
cluded for  the  purpose  of  comparison. 

1.  Phenothiazine  -  3  l/k  pounds  in  100  gallons.    This  was 

a  micronized  and  conditioned  material  supplied  by  du  Pont. 
It  left  considerable  residue. 

2.  Pratt's  DX-nicotine  -  1  l/2  pints,  lead  arsenate  - 

2  pounds.  Residue  amalyses  at  harvest  »  ^^p^-i  "  0.13^  grain, 
Pb  -  0.301  grain. 

3.  Lead  arsenate  -  3  pounds.    Residue:    ^^^fi-x  ~  0.097« 
Pb  -  0.230.  ^ 

%,    Genicide  -  2  pounds,  kerosene  -  3  pints. 

3.    Black  Leaf  ^  -  1  pint,  summer  oil  -  2  quarts. 

6.  Black  Leaf  155  -  3  pounds,  summer  oil  -  2  quarts. 
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Control  "by  Means  Other  Than  Spraying 

As  a  result  of  the  war-time  shortage  in  labor  that  now  con- 
fronts o\ir  fruit  growers,  considerable  interest  has  developed  in 
orchard  dusting.    A  major  project  was  started  this  past  season  in 
the  several  different  fruit  sections  of  the  state  to  determine  the 
value  of  the  most  promising  dusts  when  used  against  the  codling 
moth.    This  report  concerns  tests  made  near  Geneva,  New  York. 

A  mature  Mcintosh  orchard  well  populated  with  the  codling 
moth  was  selected.    Six  cover  sprays  were  applied  between  June  21 
and  August  23*    A  similar  program  of  dust  treatments  was  also  used 
with  the  exception  that  one  extra  dusting  was  made  on  August  30» 
From  2  to  2  l/2  pounds  of  dust  was  applied  to  trees  that  took 
approxiBiately  15  gallons  of  spray.    The  dusting  was  done  in  the 
evening  just  before  dark,  taking  advantage  of  the  quiet  conditions 
and  the  presence  of  dew  on  the  trees. 

Three  dust  formulae  were  used,  namely: 

60-20-20  dust  contained  60  pounds  microsul  dusting  sulfur 

20  pounds  lead  arsenate- 
20  pounds  Black  Leaf  155 

75-15-10  dust  contained  75  pounds  microsul  dusting  sulfur 

15  pounds  lead  arsenate 
10  pounds  Black  Leaf  155 

gO-20  dust  contained  80  pounds  microsul  dusting  sulfur 

20  pounds  lead  arsenate 

The  following  data  will  serve  to  indicate  the  results  of  the 
first  season's  tests. 


CoarpariBon  of  Dust  and  Spray  Programs  for  Com"batlng  the  Codling  Moth,  19^3 
(Based  on  the  total  crop  including  hoth  dropped  and  picked  frait.) 


Deep 

Percent 

Humher 

worm 

Stings 

fruit 

Treatment 

of 

holes 

per 

free  of 

fruits 

per 

100 

codling 

counted 

100 

apples 

moth 

apples 

injury 

Spray:    Sulfur-lead  arsenate 

8405 

9.0 

22.7 

79.1 

Bast: 

Sulfur-lead  arsenate-nicotine 

60-20-20 

10622 

9.^ 

10.3 

S7.^ 

Sulfur-lead  ar senate-nicotine 

75-15-10 

6600 

10.2 

10.9 

83.5 

Sulfur-lead  arsenate  SO-20 

6025 

2U.7 

27.6 

67.1 

Cheeks  -  untreated 

9302 

90.1 

11.7 

25.6 

The  dusting  operation  proved  to  'be  approximately  four  times 
faster  than  spraying.    On  the  other  hand,  considering  the  cost  of 
labor,  operation  of  machinery,  and  materials,  the  cost  of  one  appli- 
cation of  the  75-15-10  dust  was  nearly  twice  that  of  one  spray  treat- 
ment . 

It  is  planned  to  continue  this  project  during  19^. 


OHIO 

C.  R.  Outright,  Ohio  Agricultural  Experiment  Station,  Wooster 

I.         Seasonal  conditions  and  codling  moth  abundance. 

▲  cold,  late  spring,  with  temperatures  5°  ^-  "below  normal  in 
April  and  sli^tly  below  normal  in  May,  delayed  codling  moth  emergence 
(see  following  table).    However,  on  May  29  wai^m  weather  started  and 
continued,  with  temperatures  over  5  degrees  above  normal  for  June. 
July  and  August  were  also  above  normal,  with  September  decidedly 
cooler  than  average. 
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The  sudden  high  tenrperatures  of  the  last  few  days  of  May  and 
early  June  resulted  in  high  peaks  of  emergence  and  egglaying  occurring 
in  most  sections  of  the  State  from  June  1  to  June  3*    So  great  vas 
the  influence  of  the  high  temperatures  of  June  that  first-hrood  in- 
Jury  was  ahove  normal  and  the  first  larvae  were  taken  under  "bands  at 
ahout  normal  dates.    Second-^Isrood  injury  was  not  as  severe  as  usual  "but 
due  to  the  unusual  amount  of  first-brood  attack  on  a  short  crop, 
codling  moth  was  again  a  serious  pest.    Sven  in  northeastern  Ohio, 
a  few  orchards  had  serious  codling  moth  injury. 

Summary  of  Codling  Moth  Biology,  Ohio,  19^3 


Wooster  Waterville 
(N.  B.,  Central)  (N.W.) 

Lorain 
(North) 

Spring-hrood  Smergence 

First  moth 
Last  moth 

May    23                  May  22 
May    31                  June  1 
June  23                  June  30 

Summer-brood  Moth  Emergence 

May  31 
June  15 
July  5 

First  moth 
Last  moth 

July  13                  July  15 
Aug.    h                  Aug.  5 
Sept.  2                  Sept.  5 

First-hrood  Larvae  under  Bands 

July  20 
Aug.  1 
Aug.  31 

First  larva 
Peak 

June  25                  June  28 
July  Ik                  July  19 

July  2 
July  23 

II .        studies  on  codling  moth  hiologr  or  behavior. 

Observations  made  during  a  3-year  period  in  two  northern  Ohio 
orchards  indicate  that  considerable  difference  may  exist  in  the  bi- 
ology of  the  moth  in  the  two  locations,  this  despite  the  fact  that 
climatic  differences  are  small.    In  the  y-jeB,T  observations  at 
Lorain,  Ohio,  the  first  moth  of  the  overwintering  generation  appears 
approximately  one  week  later  than  at  Waterville  and  peaks  of  emer- 
gence are  correspondingly  delayed.    The  evidence  indicates  that  this 
variable  is  inherent  in  the  strain  of  codling  moth  in  this  particular 
orchard,  rather  th£tn  its  being  due  to  seasonal  ecologic  factors. 
Further  work  to  determine  this  point  is  in  progress. 


III.      (a)    The  ezperifflental  work  of  I9U2.  was  conducted  in  the 

Frank  Farneworth  orchards  at  Vaterrille,  Ohio,  and  in  the 
H.  V.  Schi&itkons  orchard  at  Lorain,  Ohio.    Mature  trees  of 
the  variety  Jonathan  were  used  in  hoth  cases,  with  single- 
tree plots  replicated  ^  times  for  each  treatment  or  schedule. 

(b)  Due  to  a  -wery  poor  season  for  pollinization,  the  trees 
did  not  produce  as  hea^  or  as  uniform  crop  as  could  he 
desired.    It  is  thoiight  that  thiB  condition  caused  some  of 
the  confused  data  that  came  from  some  of  the  plots. 

(c)  There  were  no  significant  cases  of  injury  to  foliage  or 
fruits  by  the  experimented  spray  schedules.    Tests  for  the 
prevention  of  foliage  injury  included  the  addition  to  lead 
arsenate  of  lime  and  sine  sulfate,  of  M-111,  and  of  Fermate. 
HI  three  schedules,  including  the  foregoing  materials,  pro- 
duced satisfactory  foliage.    Six  cover  sprays  were  used  in 
each  schedule.    The  interesting  fact  was  clearly  established 
that  such  diverse  materials  as  DN-111  auid  Fermate  used  alone 
with  lead  arsenate  in  numerous  applications  (6)  would  prevent 
injury  of  a  serious  nature  on  the  variety  Jonathan. 

(d)  The  heaviest  visible  residue  ym.s  obtedned  where  lead 
arsenate- summer  oil  and  Fermate  were  used  in  combination  in 
three  first^brood  covers.    The  residue  was  reduced  (visibly) 
when  a  spreader  was  added  to  the  foregoing  combination 
(residue  analysis  not  yet  availably). 

Control  by  insecticides. 

During  the  season  of  19^3 »  2S  spray  schedules  were 
tested  in  the  two  experimental  orchards.    Within  each 
experiment,  different  schedules  may  be  grouped  because 
of  certain  similarities.    The  data  within  each  group 
have  been  summarised  and  are  presented  in  the  follo%ring 
table* 


Vaterville  Data  -  19^3 


Type  of  schedule 

56  of 

fruit 

wormy 

1>  of 

fruit 

stun^ 

/6  of  crop 
injured  by 
codling  moth 

Lead  cur  senate  3^ 

(means  of  6  lead  schedules) 

61+.  3 

69.1 

Lead-oil  1/ 

(means  of  4  schediiles) 

l6.2 

59.0 

63.6 

Lead-B.L.  155  2/ 
(means  of  3  schedules) 

16.6 

56.0 

62.3 

Lead-oil-B.L.  155  1/ 
(means  of  2  schedules) 

11.9 

6o.3 

61^.0 

oil-B.L.  155  y 

(means  of  5  schedules) 

18.-5 

3S.S 

U9.9 

Lead-dinitro  ^ 
(memsLB  of  2  schedules) 

20.k 

60.9 

66.i+ 

l/    Summer  oil  at  3/^  5^  i^i  second,  third,  and  fourth  covers. 

2/    B.L.  155 >  11/2  pounds  per  100  gallons  in  second^  third, 
and  fourth  covers. 

2/    Summer  oil  and  B.L.  155       used  in  1  and  2  combined.  A 
small  amount  of  lime  used  with  this  combination  un- 
doubtedly reduced  the  effectiveness  of  the  nicotine. 

k/    Oil  at  1/2^  and  B.L.  155.  starting  in  the  third  cover, 
5  applications.    B.L.  155  1  1/2  pounds  in  the  third 
cover,  2  pounds  in  other  sprays. 

5/    Dinitro  at  1  pound  emd  5/S  pound  per  100,  starting  in 
the  second  cover,  and  used  with  lead  alone  in  6  appli- 
cations. 

The  foregoing  table  summarizes  the  results  obtained  in  a 
difficult  season,  complicated  by  a  short  crop  and  hail  injury. 


The  differences  between  schedules  within  groups  were 
mostly  due  to  different  fungicides  or  8preader<i*stickers. 
Under  the  conditions  of  the  season,  no  schedule  or  group  of 
schedules  was  particulcurly  effective.    Significant  differ- 
ences do  not  exist  except  for  the  control  of  stings  ob- 
tained by  oil-nicotine  and  the  control  of  worms  by  lead-oil- 
nicotine. 
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Th9  data  from  plots  at  Lorain  is  not  includod  sincA  re-> 
suits  are  almost  identical  with  those  at  Water^ille. 

(ij    Lead  arsenate  used  alone  was  not  satisfactory;  nor  were 
results  mich  better  when  used  with  stickers  (Alkote)  or  with 
dinitro.    In  fact,  dinitro  in  nunerous  applications  may  have 
decreased  its  effectiveness,  though  no  significant  difference 
can  he  shown.    Dinitro  used  at  one  pound  per  100  produced 
hetter  foliage  than  did        pound,  hut  the  lesser  dosage 
seemed  hetter  in  worm  control. 

Tbie  lead-oil  schedules  were  not  as  efficient  as  in  some 
former  seasons, 

(2  &  3)    'Shert  was  no  work  %rith  non-lead  arsenicals  or  cryolite. 

(k)    A  schedule  of  lead  arsenate  plus  B.L.  1^^  used  with  the 
sticker  Alkote  gave  good  results.    Oil  plus  B.L.  13^  has  heen 
mentioned  as  outstanding  in  the  control  of  stings.    No  other 
organios  were  used. 

1.    Spraying  is  practically  the  only  method  of  codling 
moth  control  in  Ohio.    Possihly  due  to  labor  shortage, 
tmt  more  likely  due  to  ineffeetlTeness  in  growers' 
hands,  scraping  and  handing  have  practiecdly  dis- 
appeared. 

17.       Ohio  growers  had  little  difficulty  in  obtaining  insecticides 
and  spray  equipment  in  19^3*    Soa9  delays  were  caused  by  slow  deliTery 
of  spare  parts. 


OBXQON 

Leroy  Childs  and  R.  E.  Robinson,  Hood  Rirer  Branch  Xscperlment 
Station,  Hood  River. 

Introduction: 

Codling  moth  inrestlgations  were  continued  during  the  year 
I9U3.    Various  phases  of  which  are  discussed  in  the  following  report: 
See  earlier  summaries. 
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Seasonal  Condi tlona: 

▲s  far  as  ve  were  a'ble  to  determine,  %d.nter  weather  conditions 
were  not  sufficiently  serere  to  cause  destruction  of  over-wintering 
codling  moth  laria  in  the  lower  Hood  River  YaXlej,    ▲  miniBOffl  of 
was  recorded  at  the  Srperiment  Station  althoisgh  in  the  higher  eleva- 
tions of  the  Valley,  as  low  as  -l6  occurred,  accompanied  'by  considerable 
tree  damage.    No  ohservations  were  made  relative  to  larval  mortality 
where  the  lowest  temperatures  occurred.    ▲  number  of  growers  experienced 
more  than  usual  first  brood  damage.    From  these  observations  it  can  be 
assumed  the  carry-over  was  not  materisdly  reduced  by  %#inter  conditions. 

Character  of  Teste  and  Ebcpected  Variation; 

From  many  years'  experience  at  the  Station,  it  is  known  that 
certain  areas  in  the  orchard  are  consistently  more  wormy  than  others. 
Alternate  production  of  the  Newtovn  apple  oftentimes  makes  it  diffi- 
cult to  arrange  a  series  of  tests  that  will  conform^o  standard  pro- 
cedure.   In  19^3i  fooir  replicated  tests  were  conducted  and  located  in 
three  different  parts  of  a  12-acre  block  where  rather  regular  codling 
moth  damage  had  occurred  in  the  past.    The  plots  in  these  areas  were 
sprayed  in  double  rows  from  North  to  South.    The  three  areas  were, 
therefore,  S  rows  across  beginning  with  plot  1  on  the  West  side  of 
the  area  sprayed;  the  procedure  was  regular  to  plot  4  on  the  Xast. 
stationery  equipment  was  earployed  in  these  tests,  1000  gallons  of 
epray  being  applied  in  each  of  the  four  experiments.    The  same  men 
were  employed  in  the  different  areas  throughout  the  season.    Four  of 
the  single  plot  tests  (applied  for  scab  and  codling  moth  control) 
were  sprayed  with  portable  equipment  in  an  area  where  codling  moth 
damage  has  been  relatively  uniform  in  the  i>ast.    ¥wo  hundred  gallons 
per  plot  were  used  in  these  tests  and  sprayed  in  2-row  units.  The 
arrangements  of  the  plots  beginning  on  the  South  and  proceeding  North, 
was  as  follows:    Sxps.       3,  1  emd  2  (See  table  for  results)  Sxps.  ^ 
and  6  checked  primarily  for  scab  control  and  tar  oil  injury,  were 
located  in  a  portion  of  the  orchard  where  codling  moth  damage  has 
been  consistently  lower  than  in  other  i>arts  of  the  orchard. 

Becorded  injury  was  taken  from  picked  fruit  only.    No  check-up 
was  made  of  first  brood  drop;  late  drop  was  of  no  particular  conse- 
quence.   All  questionable  stings  were  opened;  all  Injuries  called 
stings  unless  worms  penetrated  to  a  depth  of  more  than  l/U  inch.  All 
injuries  were  recorded,    fiesults  were  determined  on  percentage  of 
■clean",  "wormy"  and  "stung"  fruit. 

The  moth  catch  at  the  Station  (a  l^-yoar  record  involving  10 
traps  examined  every  other  day  throughout  the  season)  was  greater 
than  obtained  in  19^2,  the  latter  being  the  smallest  catch  taken  since 
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193^.    The  first  moths  were  taken  at  the  Station  on  Nay  16  as  con- 
pared  to  May  6th  in  19^2.  April  27th  in  19^1.  May  kth  in  19^+0  and 
April  27th  in  1939*  earliest  ooth  catch  record  obtained  during 

this  1^-year  period,  was  recorded  on  April  lU,  193^-  the  ex- 

ception of  a  week  (April  11th  to  18th)  of  ahnormally  high  daily  tea- 
peratisres,  thrae  days  of  which  were  in  the  eighties,  spring  weather 
prior  to  moth  esiergence,  was  subnormal,  accooipanied  by  generally  low 
daily  temperature  anU  more  than  areraga  rainfall* 

I9U3  Tests: 

7our  replicated  tests  were  conducted  in  the  Station  orchard 
for  codling  moth  alone,  together  with  a  number  of  single  plot  tests 
involTing  the  control  of  apple  scab  and  codling  moth.    In  riew  of 
the  fact  Phenothiaxine  (1/2  lb.  -  ICX),  plus  lead  arsenate,  2-100 
used  with  soy  bean  flour  1/3  lb.  -  100 X  produced  outstanding  con- 
trol in  19^2,  particularly  in  the  form  of  "sting"  reduction,  this 
material  was  used  again  in  19^3* 

Table  1.       Summary  of  Codling  Moth  Control,  Ifewtown  Variety  - 
Replicated  Plots. 


Sxp. 
No. 

Material  and  Program  l/ 

i 

Vomjr 

i 

Stuag 

i 

Clean 

i 

Scab 

Spray 
Injury 

S-1 

Lead  Are.  2-100:  Phenothiazine  1/2-100 
Soy  Bean  Floor  l/ 3-100,  5  cov^^rs 

2.k 

9.8 

88.U 

.0 

S-2 

Kryocide  2-100;  Phenothiasine  1/2-100 
Soy  Bean  Hour  1/3-100,  5  corers. 

1.9 

9.6 

88.8 

k.s 

.0 

s-3 

Lead  Ars.  3-100  plus  3/4-100  Shell 
light;  1-2-3  covers;  lead  ars. 
3-100  T>lus  FLuxit  l/H-100.  t^th  and 

1.1* 

X8.5 

SG.k 

5.2 

.0 

S-4 

Lead  Ars.  3-100  plus  Iluxit  1/U-lOO. 
Calyx  and  5  coyer s. 

2.? 

81.04 

6.0 

.0 

1/    Calyx  spray  same  in  all  tests.    Ars.  Lead  3->100  plus  l/k  -  100 
Iluxit. 


Table  1.  (Continued)^ 


Single  Plot  Tests 


Srp* 
Ho. 

Material  and  Program 

i 

Wormy 

Stung 

i 

Clean 

i 

Scab 

Spray 
Injury 

1 

Lead  Arsenate  3-100;  Pluxit  1/^^100 
Cedyz  and  3  coTerg.    Bordo  Mix.  1-1-100 
added  Calyx  1,  2,  3^ 

6.0 

27.0 

69.2 

1.3 

23.6 

2/ 

2 

Seune  as  above,  using  Copper  Phos. 
U.U-l^.100  in  calyx.  1.  2,  3. 

2i*.0 

73.0 

2.6 

.0 

3 

Ccdyx  as  IBxp.  2;  Lead  arsenate  as 

Xxp.  1  throughout;  7ermte  2#  -  100,  1st, 

2nd  and  3rd  Cov.  plus  Shell  Lt.  1^  l/ 

1.6 

15.2 

83.9 

8.2 

.0 

k 

Calyx  as  Exp.  1,  3  covers  Bustica  Tob. 
J  Lf  C.W  —  JLUv  pxus  iien^onive  x/c— xv/u  pxus 
iluffl.  Sul.  2  OS. -100  plus  Shell  li^^t 
li  in  1  and  2:  Bal.  1  at.  -  100 

23.Q 

20.1 

6U.0 

7i5 

.0 

5 

Tar  oil  1ft  when  10^  of  blooa  open. 
Bai.  as  in  Exp.  1 

.8 

1^.0 
ll 

Tar  oil  2}f>  when  10^  of  bloon  open. 
Bal.  as  in  Experiment  1. 

.6 

22.3 

y 

1/    Calyx  spray  same  in  all  tests.    Ars.  Lead  3-100  plus  l/k  -  100 
nuxit. 


2/    Injury  (russet)  classified  as  17*6  slight;  6.0  medium;  0  serere. 
2/    Injury  (russet)  classified  as  10.9  slight;  2*7  medium;  ,k  severe. 
k/    Injury  (russet)  classified  as  12.0  slight;  6«3  medium;  ^.0  severe. 


Kryocide  was  also  used  in  the  same  manner  with  Phenothiasine. 
These  tests  were  checked  against  lead  arsenate  3-100  with  Pluxit  l/U-100 
and  lead  arsenate  3-100  with  li^t  oil  3/U^  in  the  1st,  2nd  and  3rd 
covers  with  the  kth  and  5th  covers  employing  Fluxit  only  with  the 
lead.    Tor  the  first  time  in  applying  the  sprays,  particular  attention 
was  given  to  the  spraying  of  the  lower  leaf  surfaces  as  we  have  found 
that  75f(  of  the  codling  moth  eggs  are  deposited  on  the  lower  leaf  sur- 
faces of  the  Hewtown  variety.    (See  Table  2).    The  results  obtained  in 
these  tests  are  shown  in  table  1.    As  was  the  case  in  19^2,  Phenothiasine, 
1/2-100  employed  with  lead  arsenate  at  2  lbs.  to  100  gallons,  gave 
superior  control  as  compared  to  the  standard  lead  arsenate  y-lOO  with 


PlTixlt  l/^lOO.    In  I9U2  there  occurred  1,2^  wormy  fruit  and 
"stings"  with  90. 55^  of  the  fniit' clean.    In  ISk'^  this  combination 
produced  2,k%  wormy  fruit  and  9.gji  "stings"  with  SSAji  clean.  For 
these  two  seasons,  the  lead  Fluxit  combination  produced  the  follow- 
ing:   19^12.  1.7^  wormy  fruit.  16.356  stung.  85^  clean.    In  191^3,  2.3^ 
wormy.  IJ.k'jlt  stung  and  81.0^  clean.    Eryocide.  2-100  eaxployed  with 
1/2  Ih.  of  Phenothiazine  euid  used  for  the  first  time  this  season, 
likewise  produced  very  promising  results.    In  fact  less  damage  was 
recorded  in  this  test  than  the  others.    In  this  experiment,  1*9^ 
woray,  9*6^  stung  and  88.8^  clean  fruit  dereloped.    Eryocide  used  in 
comparable  tests  with  lead  arsenate  in  the  past,  has  always  been 
somewhat  inferior  as  coinpared  to  control  obtained  with  the  arsenical. 

▲  summary  of  a  10  year  study  made  from  1926  to  1933  coaqparing 
lead  arsenate  id  one  with  Tluzit  spreader  euid  lead  arsenate  eaploying 
oil  in  from  two  to  three  applications  per  season  for  first  brood  con- 
trol, indicated  that  the  oil  as  used  was  productive  of  little  im- 
provement in  codling  moth  control  on  the  Newtown  variety,  the  principal 
sort  in  this  area.    During  this  period,  the  average  worm  injury  that 
developed  was  ae  follows:    Lead  arsenate  -  oil  l.U^  wormy,  8.1^  stung; 
for  lead-Iluadt,  1.5^  wormy,  and  9,656  stung. 
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fable  2.       ^  Laying  Habits  of  codling  moth  on  Apple  Proit  and 
LeaTee  of  tmsprayed  trees,  l/ 


JNO« 

Location  of 

eggs 

Tear 

and 

weekly 
exauui*> 

Total 

Apples 

Total 

'Site  tut 

On 

On 

leaf  surface 

Para- 
si  ti  em 

f&riety 

ations 

examined 

ined 

Apple 

Upper 

Lower 

n 

Percent  Percent 

Percent 

Percent 

19^0 

16 

i*031 

718 

69^^ 

19.3 

l6.i* 

35-9 

22 

8602 

1328 

235? 

?-7 

.  13-3 

77.0 

22. H 

1942 

a 

7764 

1252 

1931* 

8.1 

18.1 

73.8 

5.7 

20 

8b76 

133^ 

3955 

18.5 

78.2 

23-3 

79 

29073 

563^^ 

3852 

7.2 

16.9 

75.i* 

Ortley 
19^2 
19^1 

20 

18 

9731 
8968 

1197 
988 

^957 
1900 

8.6 

^9.5 
54.8 

UI.7 

39-6 

22.7 

23.6 

18 

I8699 

S937 

l.l 

51.0 

»*1.0 

Spitz 
19^2 
I9U3 

1 

2 

188 
828 

26 

100 

23^ 

9.3 

7.3 

¥f.5 

^ 

1016 

126 

277 

7.5 

Delic 
19^2 
19^? 

1 

1 

132 
500 

„  §1 

186. 

9.3 
H.8 

kO,B 

5^-3 

Bed 

Orav. 

19^2 

2 

100 

82 

29-3 

70.7 

Vintr. 
Ban. 

19^3 

3 

62 

118 

22.0 

25. 

52.5 

Characteristic  of  lover  leaf  surface. 
Hew town!-  Practically  free  of  puhescenee. 
Ortley  and  Spitsenberg:-  Noticeably  pubescent. 
Delioiousi-    Moderately  pubescent. 
Red  Grayen^tein: -  Mildly  pubescent. 
Winter  Banana:-  Sli^tly  pubescent. 

1/    Counts  made  from  leases  growing  on  froitbearing  spurs  only. 
Winter  Banana  variety  sprayed  indifferently  in  calyx  and 
one  cover. 

gl    Based  upon  hatched  and  parasitized  eggs* 

^    Observations  made  in  Mosier  district  f  miles  last  of  Hood 
fiiver  in  area  some^diat  warmer  and  subject  to  less  rainfall. 
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Lest  difficulty  mab  encotintered  in  controlling  worms  during 
this  ten-year  period,  than  has  prevailed  since  that  time.    In  view 
of  the  fact  that  a  large  percentage  of  the  eggs  are  deposited  on 
the  under  leaf  siirfaces  of  the  Newtown  (the  variety  used  in  these 
tests)  an  attempt  was  made  to  cover  all  of  the  under  leaf  surfaces, 
as  well  as  other  areas  of  the  trees  in  all  of  the  tests.    In  com* 
paring  the  results  obtained  in  the  arsenate->oil  plots  with  arsenate  - 
Tluzit  experiment,  a  significant  improvement  was  noted;  with  the 
former  usage,  1.^^  wormy  and  12.5^  stung  %ras  recorded;  for  the 
lattftr,  2*3^  wormy  and  17 stung.    The  difference  in  control  was 
not  as  great  as  was  anticipated,  particularly  from  the  standpoint 
of  "sting"  reduction,    Svidence  that  we  have  heen  accumulating,  in~ 
dicates  that  otuch  more  moth  activity  and  resulting  injury  increase 
occurs  after  July  1st  than  prior  to  that  date.    In  view  of  the  fact 
the  ovicidal  sprays  have  heen  applied  hef ore  July  1st,  no  effects 
of  tho  oil  prevail  during  the  period  of  greatest  need.    Due  to  2nd 
"brood  moth  movement  throughout  the  experimental  area — including  the 
oil-sprayed  plots,  douhtless  a  rather  uniform  moth  population  de- 
veloped in  the  oil-lead  plots  as  well  as  the  lead  plots.    As  a  re- 
sult of  these  conditions,  outstanding  differences  in  control  appear 
to  he  lost.    Our  oil  -  leeui  tests  have  teen  conducted  in  a  hlock 
that  has  heen  regularly  sprayed  over  a  long  period  of  time  with 
lead  arsenate  and  casein  type  spreader.    With  scah  control  per- 
mitting, we  propose  to  reverse  the  procedure,  maintaining  lead  casein 
plots  in  the  orchfurd  which  will  he  generally  sprayed  with  oil  -  lead 
arsenate. 

Bait  Trap  Moth  Catch  as  Index  for  Timing  Second  Brood  Cover 
Spray: 

During  the  early  days  of  moth  control  in  the  Hood  River  Valley, 
and  extending  up  to  the  advent  of  the  hait  trap  (1928  and  1929 ),  it 
was  generally  helieved  that  there  occurred  a  period  hetween  broods  of 
moth  activity  (usually  July  and  early  August)  during  which  time  no 
spraying  was  necessary.    This  was  an  era  of  light  to  moderate  in- 
festation as  compared  to  the  last  10  years.    Three  to  four  cover 
sprays  applied  with  relatively  inferior  eqidpment,  resulted  in  better 
control  than  has  been  obtained  recently  with  3  covers.    In  the  main, 
bait  trap  records  have  indicated  that  there  occurred  approximately  a 
month  usually  during  July  emd  early  August  at  which  time  moth  catches 
were  relatively  very  low,  followed  by  a  rapid  increase  in  the  number 
of  moths  taken.    In  the  early  usage  of  the  traps,  the  resulting  in- 
formation was  used  for  the  timing  of  the  mid-summer  or  so-called  2nd 
brood  sprays.    After  several  years'  usage,  it  was  concluded  that  the 
trap  was  not  al%rays  a  satisfactory  medium  of  expressing  hatching 
activities  that  were  taking  place  in  the  orchard.    Oftentimes  many 
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new  stings  were  appearing  and  worms  entering  at  tixoes  ¥hen  the  moth 
catch  was  low  and  had  been  low  for  some  time.    A  study  of  egg  deposi- 
tion emd  hatching  was  started  in  19UO.    Weekly  tabulations  have  been 
made  beginning  with  the  first  egg  depositions  in  the  spring  and  con- 
tinued throughout  the  season.    The  records  during  19^0  were  taken 
from  unsprayed  trees  in  a  sprayed  orchard;  since  that  time  from  un^ 
sprayed  trees  in  an  unsprayed  orchard.    It  was  found  impossible  to 
collect  these  data  in  sprayed  orchards  because  of  the  relatively 
small  numbers  of  eggs  present  and  the  difficulty  of  finding  the 
eggs  on  account  of  the  presence  of  spray  materials.    As  a  unit  for 
standardization  purposes,  ^0  fruit-bearing  spurs  with  their  leaves 
were  collected  weekly  at  random  from  the  entire  tree.    The  same  trees 
were  used  throughout  the  season  for  sampling  as  it  was  found  early  in 
the  study  that  considerable  v€u:iation  in  the  number  of  eggs  present 
existed  from  tree  to  tree.    With  the  exception  of  one  observation, 
unhatched  eggs  were  found  in  each  weekly  observation  throughout  the 
U-year  period. 

The  data  presented  in  Table  3       quite  typical  of  observations 
made  during  the  three  previous  seasons.    Sxeunination  of  the  columns 
"hatched  eggs  and  total  eggs"  indicate  with  the  exception  of  a  two 
weeks  period,  July  21-2S,  that  rather  consistent  hatching  and  egg 
Increase  occurred  throughout  the  season.    The  irregularity  appearing 
in  the  "unhatched  egg"  column  between  the  dates  July  6th  and  28th  is 
doubtless  due  to  increased  -oarasitic  development.    Bggs  that  normally 
would  have  been  classified  as  unhatched,  felV  xnto  the  parasitized 
group. 

In  19^0  and  19^3*  noticeable  second  brood  egg  increase 
occurred  beginning  10  to  12  days  prior  to  the  appearance  of  pro- 
nounced increase  of  second  brood  moths  in  the  traps.    In  19^2,  egg 
increases  on  the  tree  began  sli^tly  ahead  of  noticeable  moth  in- 
crease in  the  traps.    In  19^1*  noticeable  increase  in  the  numbers 
of  eggs  on  the  trees  occurred  approximately  one  week  later  than 
noticeable  moth  trap  increase.    From  these  observations,  it  is  con- 
cluded that  (1)  trap  catches  of  the  so-called  2nd  brood  of  moths  is 
not  a  reliable  index  in  timing  the  first  spray  eioployed  for  2nd  brood 
control.    (2)  During  many  seasons  either  the  trap  catches  do  not  ex- 
press the  actual  population  during  the  so-called  "in-between  brood" 
period,  or  that  moths  living  through  this  period  deposit  many  more 
eggs  that  those  emerging  and  depositing  eggs  earlier  in  the  season. 
(3)  There  appears  to  be  a  period  of  10  days  to  two  weeks  during  which 
time  little  egg  increase  occurs.    Prior  to  the  undertaking  of  this  study, 
we  were  of  the  opinion  that  there  existed  a  period  of  Inactivity  of  this 
character  of  from  three  to  five  weeks,    {k)  Based  upon  numerous  evening 
orchard  observations,  there  is  evidence  indicating  that  at  certain 
times  during  first  brood  activity,  the  occurrence  of  abnormally  high 
evening  temperature  very  noticeably  reduces  moth  flight  activity. 
There  exists  some  evidence  that  moths  deposit  eggs  under  these  con- 
ditions aecoflQ>€Uiied  by  no  extensive  fli^t.    Teinperature  in  part  may 
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be  responeible  for  the  low  Indlcate^d  by  traps,  %<hich  anniLally  occur b 
between  moths  that  dereXop  froa  over- wintering  larvae  and  those  of  the 
suamer  brood.    It  is  conceivable,  therefore,  that  trep  records  do  not 
eacpress  moth  polpulation  that  occurs  in  the  orchards  during  this  period. 
If  moths  are  not  flying  under  such  conditions,  mechanical  traps  would 
likewise  be  non-indicative  of  moth  population. 


Table  3:    Codling  Koth  Igg  Deposition  Record.    Zggs  on  Leaves  of  Uzw 
sprayed  Newtoim  Apple  Trees    Xj    Hood  Blver,  Oregon,  19^3* 


Sat* 

TOTAL 

X  0  0  S 

of 
Saarpl- 

ing. 

Leaves 

Hatched 

Un- 

hatched 

Total 

Dead 

Para- 
sitised 

Upper 
Sur- 
face 

Lower 

Sur- 
face 

(wis 

£J 

0 

A 
U 

fj 

-1=4- 

100 

425 

0 

0 

0 

4 

26 

6-  2 

47*^ 

0 

49 

49 

0 

0 

34 

^^2 

13 

50 

65 

1 

1 

14 

51 

0-15 

1^5 

22 

53 

0 

 _  

0 

20 

6-22 

 Pj  

 'pi 

j>9 

5 

12 

27 

451 

^7 

lU 

5 

7 

20 

1  V 

487 

77 

8 

106 

p 

X9 

25 

ox 

7-13 

429 

lol 

X4 

13^ 

17 

30 

104 

7-21 

1^0 

8 

130 

15 

19 

111 

7-28 

68 

f^73 

106 

8 

127 

10 

2b 

101 

«-  3 

60 

452 

_12Z_ 

198 

27 

150 

8-10 

67 

U5U 

142 



189 

2 

18 

157 

8-17 

57 

453 

162 

249 

U 

U2 

200 

8-24 

61 

453 

187 

307 

7 

55 

252 

8-30 

63 

U53 

191 

<^ 

8 

39 

60 

272 

9"  7 

68 

452 

268 

400 

6 

88 

326 

9-l»f 

5^ 

452 

266 

432 

12 

108 

56 

37fi 

9-a 

452 

228 

10 

-4- 

8 

128 

72 

302 

9-28 

452 

32« 

10 

12 

146 

50 

406 

Totals 

1336 

8676 

3422 

600 

3833 

84 

727 

776 

309,7 

63.0 

15.6 

2.5 

23.3ii/  19.2 

80.8 

1/    These  records  based  on  leaves  from  bearing  spurs  only — ^0  spurs  in 
each  sample.    Similar  record  taken  of  eggs  on  apples  in  this  col- 
lection, 132  eggs  were  deposited  on  the  apples  surrounded  by  these 
leaves. 


2/    Ixamination  only;  no  collection  of  spurs  and  leaves  made. 

iJ    Beginning  with  August  24,  leaves  were  added  to  the  total  taken  from 
fruit-bearing  spurs  in  order  to  maintain  a  uniform  leaf  count  for  the 
season.    The  actual  record  of  the  observations  is  shown  in  Table  3A. 

4/    Based  jxpon  hatched  and  parasitized  eggs. 
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Leaf  drop  of  considerable  proportions  was  noticed  on  the 
sample  of  August  2Uth.    In  order  to  graphically  express  egg  laying 
performance  for  the  season  it  was  necessary  to  compensate  for  this 
loss  8Lnd  the  eggs  that  were  likewise  lost  by  bringing  up  the  leaf 
total  to  that  which  had  previously  prevailed.    This  was  accomplished 
by  picking  random  leaf  samples  from  fruit-bearing  spurs.    This  cor- 
rective sampling  was  necessary  in  the  case  of  samples  of  August  24th 
and  September  7th,  lUth,  21st  and  2Sth.    Table  JA  gives  the  actual 
conditions  found  on  each  ^O-spur  sainple  after  leaf  fall  started, 
^ereas,  the  corrected  figures  are  presented  in  Table  3> 


Table  3-A 


Date 

of 
Sampl- 
ing. 

Apples 

Leaves 

Hatched 

Un- 

hatched 

Total 

Dead 

Para- 
sitised 

Upper  Lower 
Sur-  Sur- 
face face 

g-2U 

61 

Uoo 

157 

62 

266 

7 

37 

52  2l4 

191 

8 

5? 

60  272 

9-  7 

1^06 

23s 

364 

2 

96 

70  294 

9-1J+ 

5^ 

UOO 

232 

12 

88 

52  324 

9-21 

58 

182 

h 

292 

8 

94 

56  236 

9-22 

6g 

2S6 

206 

2 

306 

8 

90 

ks  258 

8-  24;  50  leaves  short;  8-3O,  no  leaves  short;  9-  7»  47  leaves  short. 

9-  1^.  53  leaves  short;  9-21.  68  leaves  short;  9-28,  166  leaves  short. 


Location  of  Bggs; 

Studies  were  continued  relative  to  egg  locations.    The  findings 
were  found  to  be  consistent  with  earlier  observations  Guid  are  sum- 
marized in  Table  2.    Twenty  weekly  observations  were  made  on  the 
Newtown  variety  beginning  with  first  deposit  and  extending  throughout 
the  season.    A  total  of  3965  ^ggs  were  recorded  from  these  weekly 
standardized  samples    l/.    Under  identical  conditions  of  sampling,  and 
in  the  same  location  in  this  unspra^Bd  orchard,  but  1934  eggs  (49^) 
were  found  in  1942.    In  1942  1005^  injured  apples  was  found  on  September 
9th;  in  19431  injury  of  this  amount  %ras  noted  on  September  l4th.  The 

if    Because  of  little  summer  rainfall  in  this  area,  eggs  per- 
sist (shells  after  hatching)  throughout  the  season,  and 
there  occurs,  therefore,  an  accumulation  throughout  the 
season.    In  these  studies  only  leaves  growing  on  fruit 
bearing  spurs,  were  employed. 
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percentage  found  on  the  fruit  was  .noticeably  lover  than  preriotisly- 
recorded  (average  of  10. for  the  3  prerious  years).    In  19^3, 
7S«^2^  of  *b«  eggs  were  found  on  tlje  lower  leaf  surface  (73-85^  average 
for  the  3  previous  years)  euid  18.^^  on  the  upper  surface  as  compared 
to  the  prior  3»year  average  of  l6.9^.    This  study  demonstrated  the 
outstanding  importance  of  covering  the  lower  leaf  surfaces  of  this 
variety  with  spray  (probably  there  eure  others  if  ve  knew  them)  where 
ovicidcd  applications  are  made.    It  would  doubtless  be  of  advantage 
to  spray  likewise  with  non-ovicidal  applications  that  the  young 
hatching  larva  may  immediately  contact  poison  as  they  start  out  in 
search  for  apples.    A  weekly  study  of  similar  character  has  been 
made  during  the  past  two  yesurs  in  connection  with  the  Ortley  variety. 
Comparative  studies  clearly  demonstrate  the  fact  egg  laying  perform- 
ance varies  with  varieties.    M  this  time  it  is  believed  that  physical 
characteristics  of  the  lower  leaf  surface  of  different  varieties  of 
apples,  govern  to  a  large  degree  the  location  of  deposit  on  leaves. 
Based  upon  observation  involving  several  sorts  of  apples,  eggs  have 
been  found  more  abundant  on  the  lower  surface  of  leaves  that  are  less 
pubescent  or  hairy,  than  those  that  are  more  so.    The  Hewtovn  is 
classified  as  practically  free  of  pubescence,  whereas,  the  Ortley  is 
rated  as  noticeably  pubescent. 

Parasitismt 

Parasitism  by  Trichograana  minutum  was  very  different  in  19^3 
at  eoiipared  to  19^2;  23 -35^  occurred  in  the  former,  5.75^  ia  the  latter 
year.    In  19^2  no  noticeable  parasitism  occurred  prior  to  August  1st, 
lAiereap^  during  late  June  emd  early  July,  19^3 1  as  such  as  25/^  para^ 
sitism  was  found«    Noticeable  increase  occurred  during  September, 
▲t  the  time  of  last  observation,  September  2S,  31^  of  the  eggs  were 
observed  to  be  attacked  by  the  Trichograama  in  this  un sprayed  orchard. 
This  rather  extensive  parasitic  activity  exerted  apparently  little  in- 
fluence on  the  development  of  worm  injured  apples,  95^  of  which  showed 
worm  damage  by  August  1st.    On  September  l^th,  worm  damage  was  found 
to  have  increased  to  100^  with  an.  average  of  U«3  injuries  occurring 
on  each  apple. 

Fruit  Injury  Increase; 

Although  weekly  records  weie  taken  throughout  the  season,  in- 
volving fruit  injury  and  its  inc«*^ase,  the  data  does  not  permit  making 
satisfactory  relative  comparisons  concerning  egg  increase  on  the  trees 
and  the  amount  of  injury  that  was  taking  place  in  the  fruit.    The  per- 
centage of  wormy  and  stoing  apples  (iidiich  were  not  segregated)  increased 
from  1.6^  on  June  8th  to  89.1^  on  July  21st.    This  latter  percentage 
was  found  at  the  time  the  traps  were  taking  the  least  number  of  moths* 
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Because  of  the  small  numbers  of  uninjured  fruits  that  were  present 
on  the  trees,  a  large  number  of  %<hich  were  "stings"  it  is  difficult 
to  express  graphically,  injury  increase  that  was  taking  place.  Ee« 
gar dl ess  of  the  fact  many  wormy  apples  were  dropping  from  the  trees 
from  mid-July  on  to  the  end  of  the  season  %^ich  were  lost  to  ran- 
domized, picked  sampling,  a  fairly  consistent  injury  increase 
occurred  from  July  21 st  until  100^  injury  was  recorded  on  September 
lUth,  a  condition  which  obtained  to  the  end  of  the  season.  Average 
injuries  per  injured  fruit  were  also  recorded.    ?rom  mid-Jxdy  to 
Aid^^August  the  data  does  not  show  consistent  increase,  undoubtedly 
due  to  the  fact  the  more  seriously  injured  apples  were  dropping  dur- 
ing this  period  and  were  not  present  in  the  randomised  picked  samples 
as  thay  had  been  prior  to  the  occurrence  of  drop. 

JHaneicides  with  the  Codling  Moth  Spray: 

In  apple  growing  areas  uhere  scab  is  a  problem,  the  spray 
program  must  be  a  dual  purpose  surrangement.    For  many  years  apple 
scab  has  not  been  a  serious  disease  in  the  Hood  Hirer  area,  and  as 
a  result,  little  attention  has  been  given «to  its  control.  Noticeable 
increases  have  occurred  during  the  past  two  years 'and  it  is  apparent 
measures  will  have  to  be  adjusted  to  the  codling  moth  control  pro- 
gram in  order  to  handle  the  problem.    Based  upon  results  obtained 
during  the  past  year,  and  noted  at  varioiie  times  in  earlier  work, 
certain  types  of  additions  to  the  lead  arsenate  program  employed 
for  codling  moth  control  adversely  affect  the  efficiency  of  the 
latter.    This  influence  is  demonstrated  by  results  shown  in  experi- 
ments 1  and  2  in  the  single  plot  tests.  Table  1.    Both  Bordeaux  and 
copper  phosphate  produce  a  rather  loose,  uneven  cover,  a  type  not 
particularly  effective  in  handling  difficult  codling  moth  control 
problems.    The  results  obtained  in  these  two  es^eriments  may  be  cob^ 
pared  with  those  of  S-1  to  S-M  which  were  designed  for  codling  moth 
control  only.    A  marked  difference  occurred  in  the  percentage  of  both 
wormy  and  stung  fruit.    The  single  plot  test  Ho.  3        designed  to 
control  both  codling  moth  and  scab.    The  former  was  reasonably  well 
attained,  however,  the  Fermate  as  used  in  the  combination  did  not 
affect  scab  control. 

In  view  of  the  fact  codling  moth  control  appears  to  be  asso- 
ciated with  scab  control  in  certain  areas,  the  follo%ring  is  submitted 
for  those  %^o  are  interested:    The  most  interesting  development  inso- 
far as  apple  scab  is  concerned,  was  that  of  scab  reduction  occurring 
in  some  tar  oil  tests  we  are  conducting  for  the  purpose  of  changing 
the  alternate  bearing  habit  2/  and  fruit  thinning  of  the  Newtown  apple. 

2/    Tar  oil  as  an  agent  in  changing  the  alternate  bearing  habit 
of  the  Hewtown  Apple,  Leroy  Childs  and  Gordon  (r.  Brown, 
3Uth  annual  repor't  Oregon  State  Hort.  Soc.  I9U2  (Pages  2I-3U). 
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Experiments  3  Bind.  6,  Table  1,  were  fruit  thinning  tests,    lifhen  approx- 
imately 10^  of  the  hloom  was  open,  two  tests  were  applied;  one  employ- 
ing 1^  and  the  second  2^  tar  oil.    The  entire  tree  was  sprayed  with  a 
mist«-type  coverage.    This  procedure  constitutes  a  yery  drastic  treat- 
ment.   Practically  all  of  the  foliage,  vdilch  is  rather  extensive  at 
this  season  of  the  year,  was  destroyed  and  the  fruit  wet  was  reduced. 
(21.1^  where  1^  and  35«05^  where  2^  tar  oil  was  applied).    A  reasonably 
satisfactory  crop  was  produced  with  no  hand  thinning.  The  incidence  of 
scah  infection  was  very  materially  influenced  by  these  applications. 
At  harvest  time  hut  .S^  infection  was  found  where  1^  tar  oil  was  used 
and  .6^  where  2^  had  been  einployed.    Nearby  untreated  fruits  developed 
an  infection  of  7 •3^*    This  same  performance  occurred  in  the  19^2  tar 
oil  tests.    Although  the  percentage  of  scab  on  untreated  fruits  was 
limited  -  l>3^i>  "  a  reduction  to  •l^i>  occurred  ^ere  1^  tar  oil  was 
used  ajud  no  scab  was  recorded  in  the  saoiples  taken  from  the  2$  plot. 

It  is  evident  that  this  severe  treatment  of  the  trees  involves 
at  least  two  factors  insofar  as  scab  reduction  is  concerned  (l)  prac- 
tical defoliation  eliminates  such  primary  infection  that  has  occurred 
on  the  leaves,  and  (2)  postponement  of  re-foliation  is  delayed  from 
two  to  four  weeks  after  which  time  weather  conditions  are  not  partic- 
ularly favorable  for  scab  development  in  this  area. 

Conclusions. 

Based  upon  a  13-*yoar  moth  trap  record  suid  a  U-year  egg  deposit 
study  of  the  codling  moth  at  Hood  River,  Oregon,  the  following  con- 
clusions can  be  offered: 

(1)  Bait  trap  usage  and  the  resulting  moth  catch,  is  not  a 
satisfactory  index  for  the  timing  of  codling  moth  sprays.  This  is 
true  for  first  brood  activity  as  well  as  the  -second. 

(2)  Hatching  of  first  brood  eggs  occurs  as  long  as  25  days 
after  abundant  moth  take  occurs  in  the  traps.    A  first  cover  spray 
based  upon  early  moth  abundance,  is  oftentimes  wasted  cmd  the  dis- 
tribution of  efficient  covers  that  follow  disrupted  -  especially  as 
related  to  the  use  of  ovicides. 

(3)  In  three  out  of  the  ^-year  study,  trap  catches  of  so-called 
second  or  summer  brood  moths,  were  not  indicative  of  egg  Increase  that 
was  taking  place  in  the  orchard.    Marked  egg  increase  has  been  noted 

to  occur  as  much  as  t%ro  weeks  prior  to  pronounced  moth  take  Increase. 
Timing  of  sprays  based  upon  moth  trap  records,  would  be  too  late  for 
best  control. 
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There  appears  to  occur  a  rather  steady  increase  In  egg 
abundance  throughout  the  so-called  "In  between  brood"  period.  This 
is  associated  with  a  steady  increase  in  damage  in  the  form  of  worms 
and  stings  through  the  period  during  which  time  the  traps  are  taking 
relatirely  few  moths. 

(^)    The  findings  appear  to  explode  the  idea  -  common  among 
growers  and  many  of  our  earlier  codling  moth  investigators  -  that 
there  occurs  a  period  of  ^  to  6  weeks  during  which  time  little  or 
no  worm  actirity  is  taking  place  and  consequently  the  need  of 
further  spray  coverage  during  this  period.    Performance  of  bait 
traps  appeared  to  substemtiate  the  earlier  point  of  viev. 

(6)  It  appears  at  this  time  that  either  (a)  that  limited 
number  of  moths,  as  indicated  by  the  bait  traps,  deposit  many  more 
eggs  during  the  summer  than  earlier  in  the  season  or  that  the  bait 
traps  do  not  express  the  actual  population  that  exists  in  the  or- 
chard. 

(7)  Ihunerous  sundoim  observations  made  d\iring  early  first 
brood  activity,  indicate  that  high  sundown  temperatures  (SO^  or  more) 
greatly  affect  codling  moth  flight.    Under  these  conditions,  the  egg- 
laying  moths  have  been  noted  to  hover  about  and  run  around  over  fruit 
and  leaves  of  fruit  bearing  spurs  and  indulge  in  a  very  limited  amount 
of  flying.    These  observations  suggest  the  possibility  that  traps  dur- 
ing mid-summer  do  not  express  the  moth  population  existent  due  to 
limited  flight  activities. 

(g)    Bait  traps  are  of  value  in  expressing  abandance  of  moths 
in  orchards  and  stimulate  growers  to  more  and  better  spraying. 

(9)  To  those  vho  have  the  responsibility  of  timing  sprays  for 
growers,  a  seasonal  knowledge'  of  egg  deposit  and  condition  appears  to 
be  far  superior  to  the  utilization  of  traps  for  this  p\irpose. 

llO)  Location  of  codling  moth  eggs  on  trees  has  been  found  to 
vary  with  different  varieties.    The  degree  of  pubescence  on  the  under 
leaf  surface  appears  to  be  the  factor  governing  location  of  deposit. 
Tor  example,  7^^  0^        eggs  on  the  Newtown,  a  smooth  s\ir faced  variety, 
are  deposited  on  the  lower  leaf  surfcuse,  whereas,  Ortley  with  a  notice- 
ably pubescent  (hairy)  lower  leaf  surface,  but  Ul^t.    Relatively  few 
eggs  are  deposited  on  the  fruit;  7»2^  on  Newtown  and  f^k^  on  Ortley. 
No  eggs  were  found  on  the  leaves  of  fruit  spurs  on  non-bearing  trees 
adjacent  to  bearing  irees.    The  codling  moth  is  extremely  selective  in 
this  respect. 
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(11)  Knowledge  of  «gg  locfrtlons  haa  a  W9Tj  definite  'bearing 
on  tpraylng  practice.    Vhere  oricides  are  einployed,  it  is  obTious 
that  the  nnderleaf  surfaces  should  be  covered.    Coverage  of  this 
type  would  probablj  be  desirable  in  the  case  of  other  spray  usage 
in  order  that  the  young  hatching  worms  nay  imsiediately  contact  the 
poison. 

(12)  During  the  U-year  study,  parasitism  by  the  egg  parasite 
T.  Minutum  was  found  to  vary  from  5..75^  to  35*31^*    la  19^3  with  an 
average  parasitism  of  23.3^.  (31.0^  at  harvest  time)  100^  codling 
moth  damage  was  reached  September  l^th.    Ihis  parasite  appecurs  to 

be  of  little  or  no  economic  value  as  it  occurs  in  nature. 


PIHH87LT1IIA 

H.  M.  Steiner,  Pennsylvania  Agricultural  lizperimeat  Station, 
Arendtsville. 

aSASOIUL  COHDinONS  iNB  SSATQS  0?  COCLIHa  mm  IHTSSICASDIOH 

imiia  19^3 

After  a  cold  April  and  a  wet  period  in  May  (6.21  inches  May 
10-3^)        growing  season  was  hot  and  dry.    Baixifall  for  June  through 
September  was  6.02  i4ehes,  37  percent  of  normal  for  the  station. 
September,  with  inches  rainfall*  was  the  driest  month.  !Chit, 

and  high  teaperatxires  produced  severe  drought  conditions  in  local 
orchards.    Mean  maximums  of  86.^,  S6«5*  88.3  and  78.2  and  mean  mini- 
mums  of  6U.0*  62.7»  60.8  and  31*3^^*  vers  recoisded  for  June,  July, 
AcLgust  and  September,  respectively.    June  avergged  ^^f.  above  normal, 
the  warmest  recorded  for  this  locality 

Li^t  crops  in  three  fourths  of  the  orchards  reduced  the  yield 
in  Southern  Pennsylvania  to  about  33^  cf  the  19U2  crop.    As  usual, 
local  orchards  at  more  than  1000'  elevation  suffered  little  from 
codling  moth  after  one  or  two  cover  sprays.    Variations  of  less  than 
1^  to  more  than        loss  from  codling  moth  occurred  between  orchards 
on  the  low  hills  at  60O*  to  800*  elevation.    Several  of  the  moderately 
infested  orchards  of  19^2  responded  well  to  treatment  with  lead  arse- 
nate in  I9U3  but  losses  were  generally  about  twice  as  great  as  in 
19U2.    Much  of  the  expected  late  injury  was  prevented  by  unseasonably 
cool  ni^ts  after  September  10. 
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CODLIHG  NOTE  BIOLOai  Aim  ESHAYIOE 

Bmargenoe  and  bait  pall  records;    Spring  "brood  emergence 
occurred  in  cages  May       to  June  22  at  ArendtfTllle.  laergence 
was  25^  complete  Kay  29i  50/^  coxnplete  Jxine  5,  755^  coi5Jlete  June  7. 
larliest  eioergence  was  noted  froa  corn  storer  anilch  on  May  10  and. 
latest  emergence  from  deep  wounds  of  scaffold  limbs  of  dense  foli> 
aged  trees  June  29-30* 

Tirst  brood  moth  emergence  occurred  July  8  to  inguet  20 
with  emarged  by  July  2^.  Some  second  brood  moths  emerged  in 
late  Ingust  and  early  September. 

Moths  were  taken  from  bait  pails  Kay  IS  to  October  8  but 
bait  palls  were  only  helpful  in  timing  the  first  two  corer  sprays. 
The  rddltion  of  1-^QO  nicotine  sulfate  to  one  side  of  each  of  21 
double  quart  traps  of  molassee-banioat*    of  soda  bait  increased 
the  catch  by  almost  10^  for  the  season  and  speeded  the  examination 
of  moths  for  sez. 

Height  of  catch  in  baits:    A  2^  ft.  tree  was  baited  with 
double  2  OS.  traps  hung  at  1  ft.  intenrals  from  ^  ft.  abore  the 
top  to  within  ^  ft.  of  the  ground.    Traps  were  operated  k  weeks 
starting  May  1^  foi  spring  brood  moths  and  k  weeks  starting  July 
20  for  first  brood  moths,  3^^  being  trapped  in  these  periods. 
7ox^y-four  were  trapped  aboTe  tLa  tree top «  200  in  the  six  leyels 
from  the  top  to  §  ft.  down^  and  30^  a^^ye  T;he  12  ft.  level.  The 
greatest  number  at  any  lerel  ^MO)  was  recorded  2  ft.  below  the  top 
while  33  99LCh  were  taken  at  the  top  and  1  ft.  abore  the  top  of  the 
baited  tree.    The  average  hei^t  of  catch  in  the  2^  ft.  tree  was 
20.6  ft. 

Periods  of  attack;    Ij,  one  test  orchard,  codling  moth 
eggs  averaged  %  per  100  fruit  spurs  at  the  time  of  first  entry  on 
May  29  (17  days  after  petal-fall  of  Stayman).    On  thin  foliaged 
trees  and  on  SS  slopes,  the  first  wave  of  attack  was  well  under- 
way by  June  1.    Delayed  hatchi.ig  occurred  on  some  slopes  and  in 
most  low^lying  orchards  where  stings  were  not  found  until  June  3. 
There  were  no  %^ell-def ined  peaks  of  hatching  but  in  test  orchards 
the  greatest  activity  occurred  in  the  periods  of  June  1-7  &i^d  June 
16-2^.    Little  hatching  took  place  during  two  cool  periods,  June 
8->10  and  June  30  to  July  3t  and  between  broods  Jtdy  8-1^. 

Second  brood  attack  occurred  daily  from  July  1^  to  August 
2^.    The  attack  was  li^t  froa  August  Zk  to  September  10  in  most 
orchards.    Tresh  entries  were  rarely  found  cifter  September  10  in 
contrast  to  19^2.    Larvae  were  taken  in  bands  twice  weekly  from 
June  19  to  October  1^.    Vorms  were  most  numerous  in  bands  in  late 
August  and  early  September. 
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C09TB0L  SXPSSRINXNTS 

Sprays  agcdnat  mature  larvae,  pre-pupae,  pupae  and  adults: 
Scales  of  bark  on  trunks  and  branches  doosen  rapidly  with  growth  of 
trees  after  petal- fall  and  sprays  applied  at  this  season  might  be 
expected  to  reach  cocoons  more  readily  than  earlier  sppli cat ions* 

Three  poxmds  of  ground  cube'  (3^  rotenone)  with  1  pt* 
mannitan  monolaiirate  per  100  gallons  of  spray  applied  to  the 
trunks  and  main  branches  of  trees  left  a  heavy  deposit  of  material 
around  cocoons  in  these  regions.    Smergence  of  noths  from  collec- 
tions of  sprayed  cocoons  was  7^^  coatpeured  with  925^  emergence  from 
unsprayed  cocoons*    She  mixture  used  here  was  highly  effective  in 
killing  adult  moths  that  were  recovered  on  sheets  beneath  trees 
within  30  minutes  after  spraying.    Nicotine  sulfate  at  3/^  pex* 
100  gallons  as  used  in  Schedule  ^,  table  1,  knocked  down  many  moths 
in  first  and  third  covers  and  none  in  second  cover. 

Sprays  of  the  standard  tank-mix  nicotine  bentonite  and 
sprays  of  the  cube '-manni tan  monolaurate  mixtiire  were  ineffective 
in  preventing  cocooning  of  larvae  %dien  applied  to  trunks  and  main 
branches  on  June  I9  and  29  on  heavily  infested,  scraped  and  banded 
trees. 

Methods  used  in  comparing  cover  spray  schedules:  Control 
experiments  were  conducted  on  individual  broods.    The  heaviect 
available  infestations  were  used.    These  were  located  on  SB  and 
Xastern  slopes  of  low  hills  within  2  miles  of  Arendtsville,  Pa.  at 
750*  elevation. 

(a)  Jirst  brood  tests:    The  block  of  50  year-old  Stayman 
used  for  first  brood  tests  had  carried  a  full  crop  in  19^-2 
averaging  about  3OOO  fruits  per  tree.    The  frui;bs  were  not 
harvested  in  13^2  due  to  a  heavy  worm  population  of  10^ 
per  100  fruits  aifter  a  heavy  arsenate  program  applied  to 
the  lower  portions  of  trees.    The  trees  were  filled  with 
bloom  in  19^3        ^®  light  except  in  the  top 

portions  of  trees.    Xighty- three  trees,  20-2^  feet  high 
were  included  in  the  test  block.    Twenty-three  were 
culled  out  as  unsuitable  but  were  sprayed  as  in  schedule 
S,  table  1.    Twelve  first  brood  sched\:des  beginning  with 
the  first  cover  spray  were  applied  to  single  tree  plats 
in  3  replicates.    larly  sprsiys  of  lime  sulfur-lead 
arsenate,  ending  with  the  calyx  spray,  were  applied  by 
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the  orchard  crew  but  sparlAgly  to  the  tops  of  trees. 
Test  sprays  veros  applied  1>7  the  laboratory  staff. 

Scoring  of  ^0  fruit  samples  per  tree  from  the  inside 
tops  was  done  at  the  start  of  a  late  June  drop  on  June 
12  to  record  the  effects  of  the  first  two  coTers  to  that 
date. 

All  drops  falling  between  June  12  and  Jxily  8  wer*^ 
scored  for  codling  moth  injuries.    Picked  samples  wfre 
taken  fr^m  each  tree  on  July  S  and  held  for  3  days  be- 
fore scoring  to  increase  ease  of  distinction  between 
worms  and  stings.    One  hundred  fifty  fruits  wer«  taken 
from  the  upper  half  of  each  tree,  75  from  the  inside  top 
and  25  from  the  outer  portions  of  the  tree  at  each  of  3 
locations  from  ladders  13-18  ft.  above  the  ground. 
Later  drops  and  fruits  knocked  down  dtiring  the  harvest 
season  were  counted  to  obtain  totals  of  fruits  per  tree. 

(b)  Second  brood  tests;    Second  brood  tests  were  run  in 
a  block  of  18  year-old  Stayman  bearing  a  moderate  and 
well  distributed  crop  of  fruit.    Three  first  brood 
covers  had  been  applied  by  the  grower  ending  June  22. 
first  brood  worms  averaged/  per  100  fn:*ts  with  most 
entries  occurring  dxiring  the  first  week  in  June  when 
the  tops  of  trees  carried  a  light  spray  residue.  An 
early  second  brood  attack  was  expected  and  spray  appli- 
cations %rere  planned  to  cover  the  peak  of  expected 
attack.    Test  sprays  were  applied  July  20  and  29th 
over  a  residue  of  bordo-lead  arsenate  remaining  from 
early  cover  sprays.    Stings  were  not  numerous  in  the 
lower  portion  of  the  trees  by  July  I5  and  few  wormy 
apples  were  within  rea^  of  the  ground.    At  the  initial 
count  of  July  21,  1  day  after  the  first  of  the  two  second 
brood  sprays,  all  wormy  apples  on  count  branches  were  re- 
moved before  scoring  a  30  fruit  sai^le  from  each  trec^. 
Counts  were  taken  from  the  ground  on  3  fruits  from  each 
of  10  branches  at  k  day  intervals  on  each  tree  between 
July  21  and  August  26.    Only  total  injuries  were  recorded 
until  August  26.    At  this  date,  a  classification  of  worms 
and  stings  was  made  by  cutting  into  suspected  entries, 
these  over  a  quarter  of  an  inch  deep  being  classed  as 
worms. 

An  additional  estimation  of  infestations  on  count 
trees  was  taken  by  banding,  counting  and  removing  larvae 
entering  bands  at  10  day  intervals  until  after  harvest. 
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BSSULTS  OF  TS3TS  OH  SIHOLI  BROODS 

Unconditioned,  aicroniiad  phenothiasine  in  combination 
with  lead  arsenate  (schedule  10,  table  l)  and  (treatments  3 
6,  table  2)  gare  results  superior  to  other  aaterials  and  mixtures 
tested.    As  used  in  these  e^qperiaents*  phenothiasine  and  lead  ar- 
senate were  mixed  dry,  then  wet  with  water  added  slowly  while 
stirring  throu^  the  crumbly  sta^  to  a  smooth  paste.    The  r^ 
eulting  mixture  despersed  readily  when  add64  to  a  near- full  tank 
of  water.    lo  injury  was  obserred  from  the  u6e  of  phenothiasine 
me  used  in  schedule  10,  table  1;  dark  greren  foliage  hung  on  the 
trees  until  loTeaber  and  fruit  was  of  good  finish  at  harrest. 
The  risible  deposits  of  the  mixtures  used  in  both  first  and  second 
brood  tests  were  persistent  bat  weathered  to  a  chalky  residue  that 
eould  be  remoTed  readily  by  brushing  within  k  weeks  after  treatment. 

DK-lll,  as  us«d  with  lead  eursenate  in  the  first  two  corer 
sprays  appeared  to  eliminate  late  arsenical  injury  to  foliage  and 
afforded  a  high  degree  of  protection  against  stings  and  worms 
(schedule  9»  table  l)  for  the  first  two  weeks  of  attack  but  it 
was  of  no  ralue  alone  against  second  brood  worms,  (treatment  2, 
t«ble  2)and  greatly  depressed  the  eff ectireness  of  lead  arsenate 
la  second  brood  sprays  (treatment       table  2).    Apparent  con- 
tradictory results  against  codling  moth  with  DH-lead  arsenate  com- 
binations between  first  and  second  brood  tests  may    be   due  partly 
to  the  character  of  the  underlying  spray  residues  proceeding  the 
•prays.    Howerer,  DH~111,  when  used  with  basic  lead  arsenate  on 
p«ach  produced  a  residue  that  was  ineffectire  after  weathering, 
^•raas  the  fresh  deposits  fed  to  caged  adults  broii^t  death  more 
quickly  than  basic  lead  in  other  combinations. 

lumbers  of  sereral  leafhoppers  were  reduced  by  DS-111  in 
the  sprays  used,  while  Xuropean  red  mite  control  colored  farorably 
with  that  obtained  from  3  <l^*-  vrmaer  oil  and  1  l/2  lbs.  Black  Leaf 
155. 

Increased  dosage  and  numbers  of  applications  of  nicotine 
•^fate  added  to  lead  arsenate  in  first  brood  sprays  appeared  to 
improre  control  but  full  benefits  against  moths  could  not  be  ob- 
ssrTed  in  single  tree  plats.    White  apple  leafhoppers  were  mostly 
killed  by  3/U  pt.  nicotine  sulfate  in  the  second  corer  only  and 
^y  1/2  pt.  per  100  gallons  of  spray  in  each  of  the  first  two  corers. 
A  common  and  troublesome  leafminer,  Lithocolletis  orataegella 
Clemens,  preriously  rei>orted  as  being  controlled  by  fixed  nicotine 
in  second  and  third  coTsrs,  was  substantially  reduced  in  numbers 
^•re  either  nicotine  sulfate  or  the  fixed  nicotines  were  used  in 
2  of  the  first  3  corer  sprays.    Differences  were  not  obscured  by 
the  derelopment  of  later  broods.    October  foliage  in  some  orchards 


contained  large  nuobers  of  these  leaf miners,  one  large  "block  aver- 
aging more  than  5  P^r  leaf  "by  mid-October.    G-reatly  increased  in- 
festations of  wooly  aphis  on  terminals  and  fmit  sptirs  in  scattered 
orchards  offer  justification  for  more  liberal  use  of  nicotine  in 
the  first  "brood  cover  sprays  applied  for  codling  moth. 

Commercial  tests  of  tank-mixed  nicotine  bentonite:  The 
mixture  and  schedule  (as  in  schedule  12»  table  l)  previously  used 
successfully  on  commercial  blocks  did  not  offer  sufficient  pro- 
tection through  the  prolonged  period  of  codling  moth  attack  in  19^3. 
Stings  were  extremely  difficult  to  find  in  most  blocks  where  the 
schedule  was  used  up  to  17  days  after  the  third  cover  spray.  How- 
ever, the  change  to  lead  arsenete-bordo-oil  in  fourth  cover  was  in- 
adequate in  preventing  injury  immediately  after  its  application. 
In  one  instance,  2  additional  covers  of  lead  arsenate  were  required 
before  a  high  proportion  of  successful  entries  were  avoided.  In 
another  instance  on  Home,  worms  of  the  second  brood  were  30  times 
more  numerous  than  first  brood  worms  in  spite  of  5  weekly  applica- 
tions of  2  qts.  summer  oil  and  6  oz.  nicotine  sulfate  starting  in 
mid- July.    It  was  also  evident  that  lime  sulfur  should  not  be  used 
in  the  first  cover  proceeding  this  tank  mixture  on  most  varieties. 
Oil-Bulfnr  injiiry  appeared  within  2  days  after  the  second  cover  on 
varieties  that  bore  broad  leaves  at  the  time  of  first  cover.  Such 
injury  was  most  pronounced  on  Stayman,  slightly  less  on  Smokehouse, 
Wealthy  6uid  Yellow  Transparent.    It  did  not  appear  on  Red  Delicious, 
Homes  and  Yorks.    Similar  oil- sulfur  injury  occurred  where  deposit 
builders  were  used  in  second  cover  following  lime  sulfur  euad  where 
summer  oil  was  used  in  third  cover  sprays  after  lime  sulfur  in  first 
cover. 

Abbreviations  and  source  of  materials  listed  in  tables 

1  and  2; 

Pheno  -  Phenothiasine,  micronized,  unconditioned  by 
E.  I.  DuPont. 

DN  -  DN-111,  a  dicyclohexylamine  salt  of  DNOCHP  by  Dow. 
SO  -  Summer  oil,  a  low  cost  type  by  Killer  Chemical  Co. 
LA  -  Corona  brand  lead  arsenate  by  Pitts^burg  Plate  Olass  Co. 
NS  -  Nicotine  sulfate  by  To"bacco  By-Products  Co. 
155  -  Reg.  grade  3.1.155"        "         "  " 
MO  -  Mannitan  monolaurate  by  Atlas  Powder  Co. 
LLS  -  Liqtdd  lime  sulfur  by  Adams  Co.,  Pruit  Packing  and 
Dist.  Co. 

NS  -  Manganese  sulfate,  Tecmangam,  by  Tennessee  Sastman  Co. 
SF  -  Duspray  soya  flour  by  Central  Soya  Co. 
~    TMNB  -  Tank-mixed  nicotine  bentonite  of:    Wyoming  bentonite, 
5  lbs..  Nicotine  sulfate  1  pt.,  Soy  bean  oil  1  qt. 
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Table  1:    First  "brood  tests,  Keller  Farm  Orchards  SW. ,  Arendtsville ,  Pa. 


Materials  and 

rates  per  100 

gals,  of  spray  Fruits 

Injuries 

Worms 

Sch.* 

per  tree  Clean 

per 

100 

per 

No. 

fruits 

100 

let  Cover 

2nd  Cover 

3rd  Cover 

Fruits 

5/28 

0/3 

6/1I+ 

7/8 

6/12  7/8 

7/8  , 

1. 

LA  -  3  lbs. 

LA-  3  lbs. 

LA-  3  Ids. 

Drops: 

730 

55 

76 

26 

LLS-  1  1/2  gala. 

Bordo- 

Total- 

1350 

42 

31 

151 

22 

MS-  k  oz. 

1-5-100 

SF-  k  oz. 

2. 

As  1 

As  1 

As  1  plus 

Drops: 

719 

59 

69 

21 

50-  3  C[t8. 

Total- 

1583 

1+8 

29 

119 

13 

9. 

LA-  3  lbs. 

LA-  3  lbs. 

As  2 

Drops: 

^81 

86 

18 

6 

DN-  20  ozs. 

DN-  20.  ozs. 

Total- 

972 

65 

2 

78 

6 

10. 

LA-  3  lbs. 

LA-  3  lbs. 

As  2 

Drops: 

7^+8 

89 

13 

3 

Pheno-  2  lbs. 

Pheno-  2  lbs 

Total- 

1901 

73 

J 

46 

2 

3. 

As  2  plus 

As  2  plus 

As  2  plus 

Drops: 

375 

63 

58 

19 

NS-  l/U  -ot 

NS-  l/U  pt. 

iMb-  l/*+pt. 

To  tal  - 

11 

k. 

As  2  plus 

As  2  plus 

As  2  plus 

Droj^s: 

690 

69 

lU  - 

M5-  1/2  pt. 

NS-  1/2  pt. 

NS-  1/2  pt. 

Total- 

IH-IS 

5b 

20 

93 

9 

5. 

As  2  plus 

Afl  P  Til  n  ft 

As  2  plus 

Drops: 

558 

66 

52 

i4 

NS-  3/4  pt. 

NS-  3/k  pt. 

NS-  3/1+  pt. 

Total- 

1302 

5U 

15 

96 

7 

6. 

As  2 

As  R 

As  2 

Drops: 

779 

Gk 

57 

Total- 

1676 

51 

IQ 

•••-7 

lOQ 

14 

7. 

As  2 

As  5 

Drops: 

626 

65 

53 

1  Q 

Total- 

55 

20 

99 

12 

8. 

As  5 

As  5 

As  2 

Drops: 

65U 

75 

33 

10 

To tal- 

1283 

61 

15 

79 

8 

11. 

LA-  3  lbs. 

LA-  3  lbs. 

As  2 

Drops: 

775 

71 

42 

10 

Total- 

?U32 

52 

10 

101 

6 

12. 

As  1 

TMNB 

TMNB 

Drops: 

8O6 

71 

40 

17 

Total- 

1380 

62 

10 

69 

17 

0. 

No  sprays  after  petal-fall 

Drops: 

1176 

194 

186 

Total- 

1776 

.  85 

235 

178 

♦  In  addition  to  the  sprays  reported  above,  schedules  1  to  12  inclusive  were 
followed  on  June  2^  with  a  top-over  spray  of  l/2-2-Bordo,  LA-  3  lbs.  SO-  2  qte. 
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Ta"ble  2:     Second  "brood  testa,  Blue  Hitbon  Orchards,  Arendtsville,  Pa. 


Treat- 
ment 

Materials  and  rates  per  100  gallons 

Increase  per  100 
fruits* 

7/2I-S/26 

Worms  per  tree 
in  bands 

11113113  er 

JTdy  20  and  July  29,  19^3 

Total 

T  n      t*1  a  a 

X  U  ^  LLX  X  c  s 

Vnt*Tnci 

If  WA  iUO 

g/l7-10/l5. 
19^3 

0. 

Uneprayed  (last  of  3  first  brood  covers 
applied  b/22  of  lead-bordo; 

206 

103 

180 

1. 

UU  2  lbs. 

183 

27 

67 

2. 

DN-  20  0£. 

1S6 

97 

184 

3. 

Pheno-  24  oz. 

72 

32 

70 

UU  2  lbs.    DN-  20  oz. 

21U 

63 

125 

5. 

LA-  2  lbs.    Pheno-  Sh-  os. 

h2 

12 

25 

6. 

LAp-  2  lbs.    Pheno-  2^  oz.  DU-  20  oz. 

32 

13 

U2 

7. 

Pheno^  2^  oz.    UNO-  12  oz. 

161 

56 

IU2 

g. 

155-  2k  oz.    NNO-  12  oz. 

212 

67 

97 

9. 

155-  2^  oz.    SO-  5  qts. 

91 

39 

53 

♦Total  fruits  per  tree  after  the  June  drop  averaged  near  65O  per  tree. 


Spray  equipment  and  materials  in  l^hy.    Lead  arsenate, 
copper  sulfate,  sulfur,  lime  and  nicotine  sulfate  were  available 
to  growers  in  amounts  sufficient  to  supply  the  demand  if  not  the 
need.    The  demand  for  spray  materials  is  reduced  by  the  inadequate 
supply  of  spray  equipment,  few  growers  being  able  to  cover  their 
orchards  in  less  than  one  week  em.d  many  requiring  10  days. 

Limitations  on  uses  of  cube'  and  derris  and  certain 
rotenone  sprays  caused  some  growers  to  lose  fruit  to  pistol  case- 
bearer  and  to  the  green  stink  bug. 
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VIRGINIA 

A.  M.  Woodside,  Field  Laboratory,  Virginia  Agricultural 
Experiment  Station,  Staunton. 

I.  The  carryover  of  codling  moths  in  Albemarle  and  Au^sta 
Covmties  in  the  spring  of  19^3  was  one  of  the  heaviest  observed 
in  17  years.    First  observed  emergence  was  on  May  8,  about  the 
average  date.    Frequent  rains  and  high  winds  prevented  efficient 
spraying  during  the  first-brood  period,  and  the  fli^t  had  a 
longer  duration  than  usual.    In  spite  of  the  fact  that  moths  were 
present  in  large  numbers  and  depositing  eggs,  the  catches  in  bait 
traps  was  lower  than  average.    Infestation  by  the  first  brood  of 
larvae  was  very  higih  in  most  orchards.    The  period  of  flight  of 
the  first  and  second-brood  moths  was  very  dry,  the  last  rsin  of 
any  consequence  falling  on  July  I5.    These  conditions,  together 
with  a  very  light  crop,  resulted  in  a  higher  percentage  of  in- 
Jury  to  fruit  than  has  been  observed  for  at  least  ten  years.  The 
population  of  hibernating  larvae  is  largely  depe»adent  on  the  size 

of  the  crop  borne  by  the  individual  trees.  Where  the  crop  approached 
normal  there  is  a  very  heavy  population. 

II.  Weekly  counts  of  new  infestations  on  small  trees  were  made 
in  the  same  orchards  where  bait  traps  were  located.    There  was  a 
lag  of  more  than  three  weeks  between  the  peak  of  spring-brood  moth 
fli^t  and  the  time  of  maximum  fruit  infestation  by  the  first-brood 
larvae. 

III.  B,  Last  year  the  results  of  an  experiment  in  killing  larvae  in 
thinned-off  fruits  was  reported.    This  experiment  was  repeated,  and 
the  results  were  similar  to  those  in  I9U2,  table  1.    The  higher  mor- 
tality of  the  larvae  in  the  buried  fruits  and  those  on  the  ground 
was  probably  due  to  the  excessive  rainfall  during  the  period  when 
they  were  exposed. 
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Table  1:    Results  of  treating  wormy  apples  to  kill  the  worms, 
Staunton,  Virginia,  19U3 

— 

Lot  _  Number  of  worms  Control 

No.  Treatment  j^^^^^    Survived  percent 


1 

Kept  in  cloth-covered  jar  in  insectary 

102 

93 

2 

Spread  on  ground  under  overturned  Jar 

107 

72 

25 

3 

Kept  in  open  pit  k  weeks 

115 

22 

79 

k 

Buried  2  inches  for  \  weeks  with  PDB  1/ 

107 

00 

100 

5 

Buried  6  inches  for  k  weeks 

99 

3 

97 

6 

Kept  in  cloth-covered  Jar  3  weeks  with 
PDB  1/  1/ 

109 

00 

100 

7 

Buried  6  inches  with  straw 

97 

00 

100 

S 

Submerged  in  water  2  weeks 

.117 

5 

95 

9 

Submerged  in  oil-covered  water  2  weeks i/ ^^3 

00 

100 

10 

Submerged  in  boiling  water  1  minute  zJ 

116 

23 

78 

11 

Submerged  in  boiling  water  2  minutes  !i/ 

107 

5 

95 

12 

Submerged  in  boiling  water  3  minutes  !£/ 

109 

2 

98 

13 

Submerged  in  boiling  water  5  minutes  zJ 

97 

00 

100 

1^+ 

Kept  in  cloth-covered  Jar  in  insectary 

112 

99 

1/  Paradichorobenzene  was  used  at  the  rate  of  1  ounce  per  cubic  foot, 
2/    Jar  was  covered  by  two  thicknesses  of  heavy  domestic  held  in  place 

by  rubber  bands. 
3/    Water  covered  by  half  an  inch  of  used  motor  oil. 
5/    Period  of  submersion  counted  from  the  time  water  started  to  boil 

again  after  the  apples  were  dropped  in. 

IV.        Growers  experienced  no  great  difficulty  in  obtaining  desired 
spray  materials,  as  these  were  generally  available.    Some  slight  de- 
lays reported,  and  some  used  a  substitute  at  times.    Spray  equipment 
almost  unobtainable,  and  there  was  very  great  delay  in  obtaining 
needed  repair  parts  in  some  instances. 

VIRGINIA 

W.  S.  Hough,  Winchester  Research  Laboratory,  Virginia 
Agricultural  Experiment  Station,  Winchester. 


Codling  moth  injury  was  unusually  severe  in  19^3*    ^©  apple 
crop  r€uiged  from  about  15j^  to  35^  o^"  a  normal  yield.    This  fact  to- 
gether with  a  warm,  dry  summer  largely  accounted  for  the  high  per- 
centage of  injury  on  the  fruit. 
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The  orchard  dxperlBents  were  designed  prineurilj  to  ohserve 
the  influence  of  Tarious  spreaders  emd  stickers  on  lead  arsenate 
in  the  control  of  the  codling  moth,  althoTigh  some  non-arsenical 
insecticides  were  used  in  second  brood  sprays  in  a  few  plats.  In 
these  tests  five  replicates  were  sprayed  but  because  of  the  absence 
of  fruit  on  soae  of  the  trees  only  four  replicates  were  used  in  the 
final  examination.    There  %ras  no  spray  injury  of  practical  import- 
ance except  idiere  lead  arsenate  was  used  adone  and  on  these  trees 
defoliation  was  severe.    The  restilts,  including  drop  counts  from 
July  1  to  harvest,  are  summarised  in  table  !• 

Dinitro-o-cresol  and  dinitro-o-cyclohexylphenol  at  the  rate 
of  k  ounces  per  100  gallons  were  used  with  lead  arsenate  3  ^^s*  P^^r 
100  gallons  in  six  cover  sprays  in  a  heavily  infested  Stayman  or>- 
chard,  but  neither  material  appeared  to  add  anything  to  the  effi- 
ciency of  control  over  lead  arsenate  plus  Bordeaux  mixture  1/2-2-100. 
Severe  foliage  injury  «as  observed  following  th«  use  of  dinitro*o- 
cresol  h  ounces  and  wettable  sulftir  3  pounds  in  the  first  cover  spray. 


Ta^le  1:    Besrlts  of  experiments  at  Winchester,  7a. 


Note:    Lead  arsenate  3       •        lime  sulfur  2  gals,  in  calyx  spray. 


Cover 

Katerials  per  100  gallons 

Percent 

Sprays 

Wormy 

Injured 

1-7 

Lead  1  lbs. 

2.95 

30.69 

Lesid  3  1^8. 

Fhenothdazine  (micronised)  k  ibs. 

2.17 

15.60 

I-.3 

^7 

Lead  3  l^s* 
Oenicide  1  I/2  lbs. 

12.55 

?6.78 

1-3 

^7 

Lead  3  lbs. 

Black  Leaf -155  ^  lbs.,  oil  1  pt. 

15. «7 

1^2.15 

1-7 

Lead'^  lbs.,  Al(0H)j  paste  3  lbs. 

1.96 

3%15 

1-7 

Lead  3  lbs.,  lime  2' lbs. 
Colloidal-77  6  os. 

.72 

15.02 

1-7 

Lead  3  lbs.,  lime  2  lbs. 
Ortho  Dry  Spreader  I/2  lb. 

2.51 

23.7« 

1-7 

Lead  3  lbs.,  lime  2  lbs. 
(>rasselli  Spreader  2  os. 

6.12 

i^2.6l 

1-7 

Lead  3  lbs.,  lime  2  lbs. 
Soyflour  I/2  lb. 

3.78 

29.01 

1-7 

Lead  3  lbs.,  lime  2  lbs. 

2.19 

»*2.18 

Lead  3  Ibc,  lime  ^  lbs. 

1.96 

?5.29 

Lead  7  lbs.,  lime  5  lbs. 

2.90 



1-7 

Lead  3  lbs.,  lime  10  lbs* 

8.51 

36.65 

1-7 

Lead  2  lbs*,  lime  2  lbs. 

15.10 

51.72 

1-7 

Lead  h  lbs.,  lime  2  lbs. 

2.83 

21.91 

I 
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Table  It  Continued 


Corer 
Sprajfl 

Materials  tier  100  callous 

Percent 
Voray  Injured 

1-7 

Lead  1  l/2  Ihs.,  Cryolite  3  Ihe. 
(D-4l)  5  o«. 

12.06 

38.43 

1-7 

Lead  1  1/2  Ihs.,  Cryolite  3  Ihs. 
(D-296)  5  01. 

11. U5 

M-1.U6 

1-7 

Lead  3  Ihs. .  lime  2  Ihs....  Nufila  1  pt. 

8.35 

56.15 

1-7 

Lead. 3  lhB.»  liae  2  Ihs.,  Hufila  1  dt. 

—  s!" 

1-7 

Lead  3  Ihs.t  liae  ^  Ihs.t  kerosene-soap 

1-7 

Le^d  3  Ihs.,  liae  2  Ihs.,  kerosene  2  qts. 
Crude  soybean  idiosphatides  8  ox. 

2.95 

24.36 

1-7 

Lead  3  lbs. ,  liae  2  lbs. 
Crude  soybean  oil  1  qt. 

.28 

10.56 

1-7 

Lead>  3  lbs.,  lime  2  lbs. 
9praylastic  1  qt. 

7.12 

35.60 

1-7 

Lead  3  lbs.,  lime  2  lbs.,  Orthex  1  pt« 

1.25 

31.74 

1-7 

Lead  3  lbs.,  liae  2  lbs..  Orthez  1  qt. 

22.83 

1-7 

Lead  3  lbs.,  liae  2  lbs.,  Mizol  1  pt. 

2.06 

1-7 

Lead  3  lbs.,  liae  2  lbs. 
?ith  oil  1  qt. 

.64 

15.95 

1-7 

Lead  3  lbs.,  lime  2  lbs. 
watkins  Dip  2  qts. 

4.91 

^9.25 

1-7 

Lead  3  lbs.,  lime  2  los. 
Oil  (55  sec.)  1  qt. 

3.55 

42.04 

1-7 

Lead  3  lbs.,  liae  2  lbs. 
Oil  (65-72  sec.)  1  qt. 

1.00 

17.^ 

1-7 

•Lead  3  lbs. 
Bdx.  2-^100 

2.61 

35.^1 

1-7 

*Lead  3  lbs.,  ZnS04  I/2  lb.,  liae  1  lb. 

3.61^ 

29.77 

1-7 

•Lead  3  lbs..  (DF-Ul)  1  1/2  lbs. 

37.86 

1^ 

1-3 
5-7 

♦Lead  3  lbs. 
ZnSOU  1/4  lb.,  liae  1  lb. 
Cryolite  4  lbs. 
Oil  (65-72  sec.)  2  qts. 

9.52 

36.61 

1-4 

1-3 
5-7 
5-7 

♦Lead  3  lbs. 
ZnSOl^  1/4  lb.,  liae  S  lbs. 
Black  leaf-155  3  1^«. 
on  (65-72  sec.)  2  qts. 

5.^7 

29. «7 

Northwest  Check  (York) 

70.72 

86.18 

Northeast  Check  (Stayoeui) 

78.85 

83.25 

Southeast  Check  (York) 

73.32  , 

80.81 

♦Tork  rariety.    All  other  treatments  on  Stayman  and  Slack  Tvi^  yarieties 
(D-Ul)  contained  dinitro-o-cycloheiylphenol. 
(D-296)  contained  dinitro-o-cresol. 
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GAIAM 

Jas.  Marshall,  Dominion  XntoBOlogieal  Laboratory,  Temon, 
British  Coltnbia. 

I.        Seasonal  Conditions  and  Status  of  Codling  Moth  Infestations 
in  Wl. 

In  the  Okanagan  Valley  of  British  Coltmbia  eaergenee  of  over 
wintered  moths  vae  protracted  by  a  cool  moist  spring  in  19^2.  It 
was  eren  more  protracted  ty  a  cool  and  rery  dry  spring  in  19^3* 
fact  in  19^3,  first  generation  lanrae  were  entering  the  fmit  in 
mid-Jnly  idien  the  second  generation  normally  becomes  actiye.  The 
winter  of  19^2-^3  ••▼•re.    Teqperatnres  in  the  Yemon  area 

went  as  low  as  -300]*.    There  was  hi^  winter  mortality  in  the  North 
Okanagan  (about  90^)*    Vrom  Kelewna  southwards,  temperatures  did 
not  drop  below  ->20^]P.  and  mortality  eridently  did  not  exceed  about 
30^.    Infestation  of  the  I9U3  crop  was  lower  than  for  two  seasons 
in  the  Temon  area  but  in  Eelowna  it  was  perhaps  slightly  hi^er 
than  In  19^2*    The  Vestbank  district  was  more  hearily  infested  than 
before.    Sumaerland,  Penticton  and  Olirer  districts  were  apparently 
no  more  heaTily  infested  than  in  19^2. 

III.     Eesults  of  Control  Baqperiments  -  A.    Bleld  Wortc 

1*    Larricide  Inrestigations 

a)  Irperimental  Set-up.    Approximately  5  *ores 
Melntosh.    Large  trees.    Check  plots  immediately  adjoined 
all  e^erimental  treatments.    Plots  of  6  trees  duplicated 
or  10  trees  not  duplicated.   Part  sprayed  6  timest  part  3 
timet.    Dosage  about  one  gallon  per  box  of  crop  trees 
capable  of  bearing.    All  trees  in  6  tree  plots  and  3  trees 
of  10  troo  plots  chocked  at  harrost.    Tirm  hundred  i^les 
oaaqplod  per  tree. 

b)  Unusual  conditions.    Tory  late  fir«t  generation 
actiTity  (Mid^uly). 

c)  Injury  to  Toliage  or  l^uiti 

Phenothiasine  produced  abnormally  deep  green 
coloration  of  foliage  and  fruit  when  used  throu^out  the 
season. 

Low  sulphonation  distillate  oil  (3%  VJL,) 
■pi>arently  resulted  in  abncrmally  lii^t  colored  foliage  when 
used  at  0.5^. 
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A  heavy  oil  (175  S.S.U.  lOO^J.)  of  low  tia- 
phonatioB  (36^)  caused  bob*  etiolation  and  defoliation 
partietilarly  froB  the  first  eoTor  spray  at  O.^^.    It  also 
produced  considerable  froit  russet. 

fhere  was  no  apparent  injury  to  foliage  or  fruit  froa 
5  applications  of  an  oil  of  73  S.S.U.  10097.  and  SSi 

U.R.  (The  type  of  oil  nov  used  almost  ezelusiTely  in  suaaer 
codling  moth  sprays  in  British  Columhia  is  of  under  75  S.S.U. 
Vie.  at  1000?.  and  approximately  755^  U.S.  -  A.O.A.C.) 

Phenothiasine  used  with  1  quart  of  store  oil 
or  summer  oil  caused  no  unusual  symptoms  on  foliage  or  fruit 
i.e.  no  symptoms  aside  from  those  caused  by  phenothiazine 
alone. 

d)  Spray  Deposits 

Mississippi  bentonite»nicotine  sulphate,  tank 
mixed  and  used  with  0.^^  petroleum  oil  and  monoethanolamine 
oleate  produced  a  rery  light  though  uniform  deposit.  This 
mixture  should  be  eren  more  satisfactory  when  a  method  is 
devised  for  increasing  the  quantity  of  deposit. 

Phenothiasine  wetted  by  a  small  amount  of  stove 
oil  and  the  whole  dispersed  by  eacsin-limet  produced  a  heavy 
and  uniform  deposit;  the  most  effective  so  far  observed  with 
this  compound.    Svidently  a  hydrophilie  colloid  is  a  most 
satisfactory  dispersing  (emulsifying)  agent  for  such  a  mixture. 

e)  Summary  of  Results  at  Harvest 

Phenothiasine;    One  pound  wetted  by  a  small 
amount  of  stove  oil  iriiich  in  turn  was  emulsified  by  casein- 
lime,  resulted  in  decidedly  lower  infestation  than  the  recom- 
mended schedule  of  lead  arsenate  k  pounds,  or  cryolite  U 
pounds,  with  casein-lime  spreader.    There  are  indications 
that  0.5  1^*       phenothiasine  so  used,  may  be  as  effective 
as  h  lbs.  lead  arsenate  or  cryolite  with  spreader.    In  that 
event,  the  phenothiazine  treatment  even  with  phenothiasine 
at  $1*00  per  pound,  would  be  no  more  expensive  than  the 
present  schedule.    The  continued  use  of  l-ead  arsenate  is 
considered  a  serious  matter  from  the  standpoint  of  soil 
fertility  ih  the  orehatrds  of  British  Columbia.    There  are 
indications  that  its  complete  elimination  from  the  codling 
moth  spray  'schedule  %dll  shortly  be  accomplished  by  use  of 
cryolite,  fixed  nicotine-oil,  phenothiazine,  moth  sprays 
and  trunk  sprays. 
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rix»d  IlcQtine  (Mississippi  IknlD-aiztd) :  An 
tOLUstiAl  type  of  bentonits  that  has  the  eapaoity  of  fixias 
Biootiae  7st  doss  not  fora  a  tsnacious  deposit  on  the  fruit 
idien  vet-siized  in  the  spray  tank,  has  reeentlT-  heen  reported 
"bj  the  U.  S.  Bureau  of  Xntoaolear.    Xiperiiients  vith  Miss- 
issippi tank-Bix  at  Kelowna  in  19^3  vere  enoonraging. 
(Most  hentonites  anist  be  dry-aixed  with  niootine  sulphate 
othenrise  they  giro  rise  to  cemeat-like  deposits  on  the  fruit.) 

Addition  of  Kree  Bentonite  to  fixed  ITiootine; 
When  an  equal  aaount  of  free  bentonite  was  added  to  the  Coa- 
aereial  "Black  Xteaf  135  Concentrate"  in  order  to  increase 
the  quantity  of  deposit,  a  aost  tenacious  residue  superrened* 
Codling  aoth  control  apparently  was  not  iaproTsd  (the  aaterial 
vas  used  vith  0*3^  petroleua  oil). 

Low  grade  Distillate  oil  4s  a  Snaaer  Spray: 
▲  Tery  cheap  petroleua  oil  of  about  ^0  S.S.U.  Tie.  100^7. , 
and  only  ^^unsulphonated  residue  has  been  used  vith  fixed 
nicotine  in  19^2  and  19^3.    llthou^  it  apparently  resulted 
in  lighter-coloured  aipple  foliage  than  ordinary  suaaer  oil, 
it  caused  no  apparent  fruit  injury.    Codling  aoth  control 
vith  this  aaterial  has  been  unusually  good.    Vork  vith  this 
unorthodox  ell  is  to  be  continued. 

2.    tree  Trunk  8praye 

a)  Ixperiaental  Set-up.    ipproxlaately  7  *cres, 
Mcintosh,  Wealthy,  emd  Jonathan,  treated  by  spraying  tree 
trunks  and  scaffold  liabs  to  a  height  of  6  to  8  feet,  in 
early  spring.    Subsequently  the  trees  receired  the  ordinary 
euaaer  larricide  applications.    Adjoining  blocks  that  re- 
ceired only  the  suaaer  applications  serred  as  checks. 

b)  Unusual  conditions  aflecting  results,  i^roxi- 
aately  90^  aortality  of  orervintering  larn^  resulted  froa 
lov  teaperature  (-30<>?. ). 

e)    Injury.    Ihree  years*  InTsstigations  suggest  that: 

i)    The  portion  of  the  tree  trunk  aost  susceptible 
to  injury  is  the  erovn. 

II )  In  petroleua  oil-dinitrocresol  solution, 
the  oil  is  the  acre  injurious  of  the  tvo  ooaponents. 

III)  Light  oils  (32  to  50  S.S.U.  Vis.  1000?.) 
are  acre  injurious  than  heary  oils  (100  to  200  S.S.U.  Tis. 
lOO^T.) 


It)    thistaphoBAtaM*  r«tidu«  of  aa  oil  oeoao  to 

bo  rolatlTolsr  unimportant  in  thii  vork. 

t)    a  eonooBtratioa  of  100^  oil  (lifht)  maj  proTO 
hi|^7  injurious  oron  in  a  sin^o  application* 

Ti)    Two  tuoeoosiTo  annual  applioationo  of  10^ 
to  20%  diftillato  oil  (UO  8.S.U.  Tin.  100^7.)  oaoloiont  con- 
taining 2^  dinitrocresol  by  weight  of  oil  haTO  oausod  no 
apparont  injury. 

d)    ftaaary  of  Reoultt 

o  ; 

Xho  terioi  of  inrettigationo  hai  led  to  thotO 
goner  «d  i tat ion ■ t 

i)  A  light  011(32-  UO  S.S.U.  Tig.  100<>?.)  it  in- 
dicated  becaute  of  itt  effoetiTonett  in  penetrating  the  cocoon 
and  itt  low  eott.  ' 

ii)  A  13%  eBultion  of  8.S.U.  Tit.  (100^1.) 
dittillate  oil  containing  2jb  dinitrocretol  by  weight  thor- 
ough/ applied  sho\ild  kill  80^  of  tbe  orerwintering  larrae 
on  the  treated  portions  of  the  tree. 

iii)  Such  nortality  thould  be  reflected  in  a  aarked 
reduction  of  infettation  at  harrett  (orer        if  winter  aor- 
tality  it  low  to  Boderate). 

It)    It  it  not  yet  known  if  it  it  adritable  to 
reaoTO  the  top  two  inohet  of  toil  fToa  the  bate  of  the  tree 
thortly  after  treataent. 

t)    Oott  of  treatnent,  labor  included  thould  not 
exceed  1  cent  per  box  of  fruit. 

Ti)    A  q:uick-breaking  eaultion  teeat  preferable 
to  a  ttable  eaultion  proriding  agitation  it  adequate. 

Tii)    Tor  conyenient  appli  mtion  old  tpray  gunt 
fitted  with  18  inch  extentiont  (l/k  inch  pipe)       degree  el- 
bowt  and  3/9)>  inch  ditcs  hare  been  tatitftictory.    Low  pretture 
(50-100  Ibt.)  it  detirable. 


Tiii)    for  Bott  effectire  utilisation  of  a  trunk 
tpray,  tree  trunkt  thould  not  be  tcraped. 
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3*    ypliftga  Spraye  foi^  itetki 

*)    feperlaental  S»»^qp:    ipproziMt«l7  12  wn, 
Malateah,  Wealthy,  Jonathan,  Nevtovn,  and  Vlneaigp*  imo- 
nimi  dinitrooresolata  (k  oi.  dlnitrooretol  eq^italant  per 
100  gallons)  need  alone  at  veeldj  Internal  a  fox  two  aonthe 
•nbsequent  to  the  petal  fall  or  added  to  ordlnarj  larrioidal 
applioatlons  of  lead  arsenate  or  erjolite. 

Hanenal  conditions  affecting  result e:    in  ^ner-* 
maXlj  ooolt  drj  season  during  flight  of  aoths  of  oTornintMred 
generation. 

e)    Ininry!    lo  Injury  even  ^ere  0*55(  petrol  sua  oil 
applied  less  than  a  week  following  application  of  dlnltro- 
eresol  salt* 

d)  Eesldue;    Practically  no  residue  Tlslhle  on  frolt 
at  harrest. 

e)  Suaaary  of  Results;    Unlike  19^1  and  ISi^Z  (abnor- 
■ally  daap  seasons)  In  which  suaaer  foliage  applications  of 
salts  of  dlnltrocresol  apparently  conslderahly  Isprored  ood-> 
ling  Both  elontrol.  19^3  produced  no  such  results.    It  Is 
suggested  that  Jbaef  feet  lioness  of  19^3  treataents  nay  be  due 
te  lack  of  aolsture  on  the  foliage  as  a  result  of  whl^  the 
water  solul^e  dinltrocresolate  residue  was  not  generally 
aiallahle  to  the  ao^s. 

fbr  the  third  sucoessly^  season,  application  of 
a  salt  of  dlnltrocresol  In  the  usual  codling  aoth  lar^ldde 
treataents  or  alone,  resulted  In  approxlaately  20^  Increase 
In  slse  of  Kelntosh  and  Wealthy  In  the  Horth  Okanagan  Talley* 
In  the  South  Okanagan,  Increase  In  slse  of  Vine  sap  api>arently 
occurred  In  only  one  of  three  erohapds.  The  nature  of  this 
uae^ected  phmoaenon  Is  not  yet  known. 

k»    Ooablned  Trunk  Treataents  and  foliage  8prays  for  Moths 

a)    Ixperlaental  Set'^up;    ipproxlauitely  six  ?jcres 
Mcintosh  and  Wealthy  reeelfed  both  a  doraent  trunk  treataent 
to  kill  OTorwlntered  lar?ae  and  foliage  sprays  of  aaaonlua 
dinltrocresolate  or  sodlua  slllcofluoride  added  to  the  3:egs3^ 
larrlclde  alztures. 
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Unutoal  eonditioni  affactlmg  reiultt:    Ttry  low 
winter  tdsperatur*  (-30^1. )  killed  oyer  30^  of  hi)}ematin« 
larrae  thnt  minimising  the  effect  of  the  trunk  treatment. 
Mm  far  at  eem  be  determined,  the  foliage  eprays  for  moths 
were  almost  entirely  ineffectire  preromahly  hecause  of  ex* 
e^tionally  low  humidity  and  precipitation  during  the  flight 
period  of  the  moths  of  the  OTer%rintered  generation* 

o)    Injury;    No  injury  was  erident  from  the  trunk 
treatments,  or  from  the  foliage  spray  of  ammonium  dinitro- 
Qresolate  (k  os«  dinitrocresol  equiralent  per  100  gallons) 
but  foliage  injury  typical  of  arsenical  "hum"  was  pro- 
nounced from  lead  arsenate  ^  Ih.-sodium  silicofluoride  1  lb. 
mixture.    It  was  determined  that  sodium  silicofluoride  may 
liberate  soluble  arsenic  from  lead  arsenate. 

d)    Sumary  of  Results:    In  one  block  of  treated 
trees,  infestation  at  harvest  was  approximately  the  same 
as  in  the  check  block  although  the  check  block  which  had 
been  the  treated  block  the  preTious  year,  had  a  winter 
oanf-over  less  than  half  as  great  as  the  treated  one.  The 
trunk  treatment  of  1^^  distillate  oil,  the  oil  containing 
2^  dinitrocresol  by  weight,  killed  approximately  SO^  of  the 
larvae  left  alive  on  the  tree  trunks  after  the  severe  winter. 
Practically  all  the  survivors  had  cocooned  below  snow-line. 

In  the  second  block  of  treated  trees,  the  dormant 
trunk  treatment  of  20^  distillate  oil  emulsion  containing  2^ 
dinitrocresol,  ag€dn  killed  approximately  80^  of  the  l«trvae 
that  had  survived  the  winter  below  snow-line.  Infestation 
at  harvest  on  the  trunk  treatment- foliage  spray  block  of  the 
early  harvested  Wealthy  variety  was  3^  i^ile  on  the  adjoining 
check  block  it  was  10^.    On  the  later  harvested  Mcintosh  how- 
ever, averaged  infestation  on  treated  blocks  was  11^  and  on 
cheek  blocks  only  13^^    Thin  is  the  smallest  difference  ob- 
tained in  3  y^ars*  investigation  of  these  control  procedores* 


B.    Laboratory  Work 

1«    Oomparison  of  Toxicity  of  Lead  Arsenate  and  Calcium 
Arsenate. 

Calcium  arsenate  and  lead  arsenate  both  appeared 
more  toxic  to  codling  moth  larvae  when  moistened  with  the 
juice  of  immature  apples  than  when  dry.    The  difference  be- 
tween the  moistened  and  dry  eursenicals  seemed  considerably 
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greater  with  the  ealelua  cospotuid*    It  Is  preeuaed  that  in 
the  case  of  ealoixDO  arsenate,  there  %fas  solublllsation  by 
Tirtne  of  the  acidity  of  the  apple  juice.    Lead  arsenate 
Bay  hare  heeome  laore  toxic  hy  being  more  rapidly  ingested 
lAien  aoist  than  when  dry* 

2.    Laboratory  Bxperiaents  with  Larilcides 

Viootine  "Reineckr^te"  1  lb.,  cadmitim  nitrate 
3  lbs.,  derris  powder  1  lb.  and  oadaiiui  sulphate  3  lbs.» 
all  killed  Bore  first  instar  codling  aoth  Icurrae  than  lead 
arsenate  k  lbs«    Addition  of  aaBoninm  dinitrocresolate  k 
OS*  to  lead  arsenate  apparently  iaproTed  the  effectireness 
of  the  arsenical  somewhat.    Hiootine  "Eeineckate"  caused  no 
injury  to  the  fruit  but  the  cadmiUB  salts  caused  injtiry. 
The  fluoride,  acetate,  ccurbonate  and  chloride  of  oadaiua 
were  not  as  effectiTe  as  the  nitrate  and  sulphate* 

3*    Laboratory  Experiments  with  Moth  Insecticides 

In  order  of  decreasing  apparent  effeotiTeness 
in  killing  codling  moth  adults  were  the  following:  Nicotine 
sulphate  0*5  pint,  nicotine  "Beineokate"  1  lb*,  sodium  silico- 
fluoride  1  lb.,  nicotine  bentonite  k  lbs*,  Beineoke  salt  3 
lbs.,  dihitrocresol  acetate  (sat.  soln.)  cadmium  salts  (ace* 
tate,  chloride,  nitrate,  sulphate,  carbonate)  3  lbs.,  derris 
2  lbs.,  triethanolamine  dinitrocydohezylphenate  k  os.  and 
dicyolohexylamine  dinitrocyclohexylphenate  k  oz, 

IT.       Experience  of  Qrowers  in  Obtaining  Insecticides  and  Spray 
gquipment. 

Ko  difficulty  in  obtaining  the  necessary  codling  moth  in- 
secticides but  insufficient  new  power  sprayers  a-vailable* 


DOV  CmBMIGAL  CONPAIT 

0.  H.  Hammer,  Midland,  Michigan 

CODLiyQ  MOTH  AMD  BID  MITl  OOHIHOL  8T0DI18  11  SOTTOCISflMI 
MIOHIQAH.  19^?! 

Apple  growers  and  packing  honse   managers  in  Vestem  Michigan 
hare  reported  that  the  codling  moth  damaged  a  larger  part  of  the  crop 
in  19^3  than  has  been  the  case  during  the  experience  of  these  infor- 
mants.   Of  the  various  apparent  reasons  for  this  situation  the  follov- 
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iB^  are  probably  aaong  the  aost  iaportant:    (l)  a  general  li^t 
erep,  (s)  heaTjr  early  season  rainfall  yhich.  aade  it  difficult  to 
apply  and  maintain  adequate  protection  during  the  fir  it  part  of  the 
first  brood  entry  period,  and  (3)  the  shortage  of  labor  and  equip- 
sent  parts,  thereby  accentuating  poor  timing  of  the  applications. 
A  moderately  cool  period  during  late  summer  cuid  autumn  apparently 
greatly  aided  in  prerenting  eren  more  serious  damage* 

de  codling  moth  control  data  presented  in  this  report  shov 
the  results  obtained  in  three  orchards.    Vhile  these  plots  were 
designed  mainly  for  codling  moth  control  studies,  obserrations  on 
European  red  mite  infestations  and  spray  injury  to  the  fruit  and 
foliage  are  briefly  presented. 

gpgRIMgHTAL  ORQEARDS:    fhe  Warner  orchard  (table  l)  con- 
sisting of  20  to  23  year  old  Delicious  trees  vas  sprayed  throu^out 
the  entire  season  by  the  inrestigators.    The  planting  was  divided 
into  two  blocks,  about  square  in  outline  and  of  about  equal  size, 
lach  spray  schedule  was  applied  to  a  section  of  a  rov  of  four  record 
trees  in  each  block;  thus  the  data  for  a  single  plot  was  based  on 
results  from  ei^t  trees.    She  19^3  crop  yaried  from  l/k  to  I/2  of 
a  full  crop* 

The  Tariety  in  the  Leisenring  orchard  (table  2)  was  Duchess. 
IndiTidual  plots  consisted  of  blocks  I6  tree  rovs  long  and  ^  rows 
wide.    Hecord  trees  were  selected  at  random  from  the  three  center 
rows.    Qie  crop  on  the  record  trees  varied  from  about  I/3  to  2/3 
capacity.    This  type  of  plot  was  used  since  an  attempt  was  made  to 
determine  how  much,  if  any,  codling  moth  control  could  be  attributed 
to  the  use  of  muill  as  a  supplement  to  lead  arsenate,  and  such 
arrangement  tends  to  minimise  the  effects  of  moths  migrating  from 
plots  of  poor  control  to  those  of  better  control.    Dae  to  poor  timing 
and  incomplete  coverage,  a  considerable  infestation  had  become  es- 
tablished before  the  first  experimental  treatments  were  applied  on 
June  22. 

The  Seeley  orchard  (table  3)  eoneisted  of  a  block  of  large 
Mcintosh  trees  about  30  years  old.    fhiu  planting  was  reported  to 
have  a  eerloui  codling  moth  infestation  which  proved  to  be  even 
■ore  formidable  than  seemed  reasonable.    The  grower  applied  a  regular 
spray  schedule  to  the  trees  prior  to  the  first  experimental  treatment 
of  Jone  10.    On  this  date  a  considerable  codling  moth  infestation  had 
become  established^and  the  intensive  spray  schedules  used  for  the  re- 
mainder of  the  season  gave  very  poor  control.    The  plots  in  this 
planting  consisted  of  sizigle  randomised  trees  replicated  five  times. 


IgPEEIMBiraAL  PHOGIDUHE:    All  sprays  were  applied  with 
equipment  capable  of  dellyerlng  3^  to  33  gallons  per  minute  and 
operating  at  5^0  to  600  lb.  pressure.    Single  nosxle  guns  were 
used  and  the  sprajmen  rode  the  rig  exoept  In  plot  11  In  the  Seelej 
orchard  In  which  case  the  spraying  was  done  from  the  ground.  One 
or  two  spraymen  worked  on  ea^h  rig  and  this  as  well  as  their  posi- 
tion on  the  rig  yat  deteradned  by  the  slse  of  the  trees  and  the 
ease  of  securing  good  coverage.    Control  data  were  obtained,  both 
picked  and  dropped  fruits*  In  a  manner  similar  to  that  described 
by  Hewcomer  et.  al.  In  U.  3.  Bureau  of  IBntomology  and  Plant  ^oaran- 
tine  paper  IT  f215,  Horember  I9U3, 

BBSOLTS?    Results  are  summarized  In  tables  1,  2»  and  3. 
Arsenical  Injury  to  fruit  and  foliage  was  of  little  or  no  con^ 
sequence  in  any  of  the  plots  dlsonseed  In  this  report.    The  use 
of  B-I936  (Rohm  and  Haas)  with  arsenate  of  lead  apparently  In- 
creased control  (plot  10,  table  3)*    Codling  moth  control  was 
little  affected  by  the  use  of  0N*-111  (Dow  Chemical  Co.)  with 
arsenate  of  lead  \dien  compared  with  lead-llme-slno  plots.  Some 
plots  show  Increases  In  control  (plot  10,  table  1;  plots  k  and  ^, 
table  2;  and  plot  6,  table  3)*    ^  the  other  hand,  decreases  In 
control  are  evident  for  plots  6  and  18  In  table  1*    The  reason  for 
these  results  1«  not  fully  understood.    The  use  of  SIK-lll  with  sul- 
fur and  lead  arsenate  In  the  first  corer  spray  during  a  period  of 
high  temperature  resulted  in  minor  injury  to  the  tips  and  margins 
of  70ung  leaves.    Thin  injury  was  masked  by  new  growth  by  July  1. 
^plications  of  M-lll  beginning  with  the  2nd  cover  and  thereafter 
caused  no  injury  at  temperatures  encountered  during  19^3*  ^1 
season  use  of  sprays  containing  DM-lll  and  arsenate  of  lead  resulted 
in  relatively  light  visible  residues  on  both  fruit  and  foliage  with 
the  fruits  seemingly  carrying  the  larger  deposit.    Red  mite  control 
was  good  and  the  foliage  remained  green  throughout  the  season  where 
BH-lll  and  lead  arsenate  was  used,  whereas  the  foliage  was  severely 
bronzed  iriiere  DH-111  was  not  used.    In  the  Vamer  orchard  the  trees 
heavily  Infested  with  red  mite  prematurely  dropped  much  fruit  and 
foliage. 
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aSNXBAL  CHZMICAL  COMPAITY 

H.  M.  Darley  and  H.  L«  Rldeout,  New  York  City 


I,         Seaaonal  conditions  and  codling  moth  abundance. 

In  the  Glassboro  test  orchard  there  was  a  heavy  carry~oyer 
population.    Adult  emergence  (as  shown  by  bait  trap  catches)  be- 
gan May  l6th,  continued  to  June  27th  (with  major  peaks  May  27th 
and  June  l^th),  subsided  until  July  9th,  then  continued  at  an 
appreciable  lerel  until  August  23rd;  thereafter  an  average  of  2 
moths  were  cau^t  dally  in  6  traps  until  September  lt)th,  6  days 
before  Delicious  harvest  began.    Severe  drought  conditions  char- 
acterized the  latter  part  of  the  season.    The  crop  on  Delicious 
trees  varied  from  li^t  to  moderate,  was  heavy  on  Borne  and  moderate 
to  heavy  on  Stayman. 

In  Washington,  the  Wenatchee  test  orchard  had  an  average 
crop,  the  Yakima  orchard  a  light  crop. 


.  8U  - 

III.         Reeultfl  of  Control  Jlxperlmentfl. 


1.    Glaae'boro.  Hev  Jersey 


Materials  Per  100  Oals.  In  5th  A  Later  Corer  Sprays*    Per  100  Drops 
(apprcx.  20  gals,  applied  per  tree  in  corer  sprays)       Clean  Stiuig 

A  Picks** 
Voray 

1.  Lead  arsenate  3#,  nimfast  l/2#  in  5th  to  9th, 
nyo.*  JLiiDe  07  xn  pvn,   (vii  aua  37 uc,        in  ovn  cuiu. 
8th;  Sub.  oil  1  qt.  in  5th,  3  qts.  in  8th. 

52 

8.9 

dm  wOBserciai  nxeci  nicotine  1  i/cti  ouni.  oxx  c  qxis* 
in  5th  to  11th. 

52 

15.3 

3.  Same  mixture  as  aboTe  in  5th  to  12th. 

61 

30 

12.9 

U.  Genicide***  1  l/2#,  aenifila  "A"  1#,  kerosene  2  qts. . 
Oenifila  «B"  U  o«.  in  5th  to  11th;  lead  arsenate  l/2i|t 
in  5th  to  7th. 

61 

35 

6.6 

5.  Oenicide  3/^#,  cob.  fixed  nicotine  3/U.#,  "A"  3/^#, 
kerosene  3  pts.,  "B"  3  o*.  in  5th  to  11th. 

^7 

^7 

1U.4 

6      (}enlclde   t/Ll#     -nhAr^nthl  apI  t^a   T/U^     NAM  'z/kit 

kerosene  3  pts.,  "B"  3  os.  in  5th  to^lth. 

25 

61 

42.7 

7.  Omnicide  1  l/2#.  "A"  6  oz,  kerosene  3  pts, ,  "B" 
2  o«.  in  5th  to  11th. 

60 

17 

7.0 

8.  Oenicide  1  l/2#.  "A"  1#,  kerosene  2  qts.,  "B"  h  ot, 
in  5th  to  nth. 

65 

29 

8.7 

9.  Saae  mixture  as  ahore  in  5th  to  12th. 

68 

29 

4.9 

*7ollovin£  lead  arsenate  '^^  in  ccdyx  spray,  k  lbs.  in  1st  and  2nd, 
2  lb.  in  3rd  and  3  lbs.  in  Uth;  hyd.  liae  3  lbs.  in  calyx  and  Uth.  8  lbs. 
in  1st  and  2nd,  2  lbs.  in  3rd:  Tilmfast  I/2  lb.  in  calyx  and  let  to  Uth; 
vettable  sulfur  6  lbs.  in  ccdyx;  nic.  sulfate  3/^  pt«  in  2nd  and  31^* 
SuBBer  oil  3  <lt«*  in  ^t±,  on  all  plots. 


**  Includes  all  dropped  apples  froa  July  1st  throu^  harrest.  Control 
data  giren  are  means  for  3  Delicious,  3  Hoae  and  3  Stayaan  trees.  Repli- 
cation was  by  rariety. 

***Principal  actire  ingredient:  xanthone.  A  giren  absolute  amount  of 
codling  moth  injury  (i.e.,  a  giren  number  of  stung  apples  oritings,  voray 
apples  or  worms  etc.),  when  expressed  a  percentage  of  the  fruits  inrolyed, 
▼aries  inrersely  with  the  number  of  fruits  involved.  In  view  of  this,  con- 
trol data  are  given  below  on  a  "per  tree*  basis  for  the  saae  programs  and, 
for  further  comparisons,  the  usual  percentage  control  data  based  on  picked 
apples  only. 


ProfTaffl 

PI  eke 

Kua'ber 

Per  Tree 

1 
2 

Tt 
J 

\ 

12^0 

5 

1063 

6 

525 

7 

1578 

S  . 

1122 

9 

1799 
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Per  100  Picked  Applet  Per  Tree  (Drops  and  Picks) 

Glen  Stmig  Woray       Tot,  i^ples  Injured  Stung  Wonqr 

55  54       2.9  ai3  1003  907  186 

b7  iK)       7.6  2100  1000  8OU  322 

66  30      5.2  1952  76^  591  252 

65  3^      2.4  1516  557  U99  97 

50  \t      5.6  lif62  776  685  211 


Q07 

9100 

lOOO 

X\J\J\J 

1952 

764 

591 

1516 

557 

499 

11^62 

776 

685 

973 

732 

593 

1885 

757 

687 

1353 

470 

395 

2161 

68U 

622 

37  59  17. 3  973  732  593  ^15 

63  36  2.U  1885  757  687  131 

68  30  3.1  1353  470  395  118 

71  28  1.3  2161  68U  622  105 

Because  they  c^e  at)8olute  rather  than  relatire  quantities  emd  becaure  they 
are  rery  such  more  nearly  independent  of  variations  in  crop,  from  tree  to 
tree  or  plot  to  plot  within  a  season  and  from  season  to  season  for  a  giren 
tree,  '*per  tree"  codling  moth  control  data  appear  to  be  considerably  more 
useful  for  eraluating  the  relative  performance  of  different  spray  programs 
within  a  season  or  of  a  given  program  over  a  number  of  seasons  than  the 
usual  percentage  control  data. 

None  of  the  above  programs  caused  any  spray  injury  to  either  foliage  or 
fruit.    Spray  residue  loads  at  harvest  were  as  follows: 


Program     Ho.  Cover  Sprays  Containing  Harvest  Residue 

Homber      Lead  Arsenate     Other  (later)  Variety    Gr.  Pb  Per  lb. 


1  9  l^one  Del.  0.220 
 Rome  0.l40 

2  !^  ^  "  0.050* 
"4                    5              3  Lead  ars.  l/2#  with             Stay.  0.0^5 

Omnicide  and  4  Qenicide         Rome  0.032 

 (7  total)  

"1  5r  7  Oeaicide  Rome  0.030* 

Dup.  Plot  4  7  genicide  Rome  0,028 


*It  has  been  noted  in  previous  years  also  that  a  late  season  program  of 
fixed  nieetin»»oil  sprays  preserves  early  season  lead  arsenate  residue  to 
an  appreciably  greater  extent  than  the  same  number  of  Qenicide  sprays. 
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2.  Venatehee,  Washington 


Materials  Per  100  Oals.  in  3rd  &  Later  Cover  Sprays*  Per  100  Picked  Apples 
(approx.  56  gals*,  applied  per  tree  in  cover  sprays)    Var.    Clean  Sttmg  Wonny 

!•  Lead  Arsenate  3#,  Moltifila  l/6#  in  3rd  to  6th;      Wine  66  25  8.7 

(Sub.  oil  ^7.5^,  kerosene  ^7.3^,  oleic  acid  55^)      Jon.  1^2  9  ^8.0 

1  qt.  in  2nd,  5th  and  6th;  (Sbjb.  oil  95^,  oleic     Del.  6U  I5  2lA 

acid  5^)  2  qts.  in  3rd.  

2.  Oenicide  1  l/2#  in  3rd  to  6th;  Oenifilm  "A"  6  oa., 
kerosene  1  I/2  qt.,  Genifiln  "B"  2  oz.  in  3rd 

and  kthi         1  I/3  os.,  kerosene  (5^  OA)  yk  qt..  Wine  8J*  k  12.0 

"B"  2  02.  in  5th  and  6th.                                        Jon.  77  k  18,5 

3.  Sane  as  2  -plus  Genicide  3#*  "A"  8  02.,  kerosene     Del.       §5       2  3.9 
(2  1/251^  OA)  2  qt..  flf.  2  os.  in  7th. 


*Tolloving  lead  arsenate  2  l/2#,  Hiixlt  l/8#  in  calyx  spray,  lead 
arsenate  3#,  MoltifilM  l/6#  in  Ist  and  2nd  covers,  kerosene  (5^  oleic 
acid)  1/6  gal.  in  1st,  and  (Sob.  oil  ^7*5^,  kerosene  ^7*5^  oleic  acid 
5^)  1  qt.  in  2nd  cover  sprs^,  on  all  plots. 


3»  YaklBa.  Washington  

Materials  Per  100  Sals,  in  3rd  &  Later  Cover  Sprays*  Per  100  Picked  Apples 
(approx.  50  gals,  applied  per  tree  in  cover  sprays)  Var.    Clean  Stnng  Wo ray 


1.  Lead  arsenate  3#  in  3rd  to  6th,  !I?reoil  2  2  qt.      Win*       61       28  II.3 
in  3rd  to  5th,  Treoil  1  2  qt.  in  6th.  Del.       50       29  21.6 


2.  Oenicide  1  l/2#,  ^  2  oz..  kerosene  (5^  OA) 

1  1/2  qts.,  ^  2  oz.  in  3rd  to  5th;  Gen.  1  l/2#.Wine  65       23  12.3 

"A«  1  oz.,  kerosene  (2  l/2^  OA)  1  1/2  qt.,  Del.  67       20  12.7 

"B"  2  oz.  in  6th. 


*Polloving  lead  arsenate  3  calyx,  1st  and  2nd  covers,  Treetlk 

2/3  pt.  in  calyx,  Treoil  1  1  qt.  in  Ist,  smd  Treoil  2  2  qt.  in  2nd  cover 
spray. 

Large  ttnreplieated  blocks  were  used  in  the  Wenatchee  and  Takiaa  tests. 
There  was  no  spray  j^jury  in  either  location.  Dropped  apples  ware  not 
collected  and  exasiined  in  these  tests. 
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Part  IZ 


Work  Conducted  by  tha 
Bureau  of  Intoaology  and  Plant  Quarantine^ 
Agricultural  Research  Administration, 
U.  S.  Bepartaent  of  Agriculture 


^is  suaaary  represent t  the  contribution  of  the  Dirision  of  Truit  Insect 
XnTestigations  of  the  Bureau  of  Sntoaology  and  Plant  Quarantine  to  the  pool  of 
information  on  the  results  of  codling  aoth  investigations  carried  on  during 
I9U3  which  has  been  prepared  in  accordance  with  a  request  aade  by  the  Coaaittee 
on  the  Codling  Moth  of  the  Aaerican  Association  of  Xconoaio  Sntoaologists.  As 
in  previous  years,  this  is  a  preliainary  report*  circulated  for  the  information 
of  those  interested.    It  is  subject  to  revision  as  further  review  of  the  data 
aay  indicate,  and  has  the  status  of  unpublished  data*  not  subject  to  quotation 
without  peraission. 

fhe  work  of  the  Division  of  fruit  Insect  Investigations  is  carried  on 
cooperatively  with  several  Bureau  and  Bepartaent  units,  as  well  as  with  a  nua- 
ber  of  State  agencies.    Ihe  Division  of  Insecticide  Investigations  has  continued 
to  contribute  to  the  irork  reported  herein,  and  Joint  field  laboratories  are  aain- 
tained  at  Takiaa,  Vashingtoa  and  at  Yincennes,  Indiana.    The  voric  in  West  Virginia 
is  carried  on  Jointly  by  the  Vest  Tixginia  Agricultural  Xzperiaent  Station  and  the 
Bureau;  the  work  in  Hew  Tork  State  is  carried  on  siailarly  with  the  Hew  York 
Agricultural  Xacperiaent  Stations. 
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SXASONAL  CONDITIONS 


Tincennes,  Ind.  -  -  ~ 
Poughkeepsie,  N.  Y.  • 

Yakiaa,  Wash.   

Kearney sviUe,  ¥.  Ta. 


k 
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INSXCTICIDE  INVISTiaATIONS 


Pield  faperiaents 


Vincennes,  Ind.    - 

Poughkeepsie,  N.  Y.  - 

Yakiaa,  Wash.   

Keameysville,  V.  Ya. 


19 
UO 


55 
62 
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COHTlHfS 

Laboratory  Ixperi«ent» 

Yinconn«tt  Ind.  ---------          ------------  U 

B«ltiTllle,  Md.  32 

Laboratory- Jl old  fccpTiaenti 

Tineonnot,  Ind.  -  -  —  -   -  6 

Bxperlaentt  with  Moth  Polsoni 

Vincozmot,  Ind.  -  -  -  -  -  —  —  -  -  -  —       -  28 

Domant  Sprays  Agalntt  Hibernating  Larrao 

Takiaa.  Vaah.  60 

BUT  TRAP  IHTXSTIQATIOVS 

Tineonnot,  Ind.               -  -  -  3I 

Poughkoopolo,  H.  T.  50 

COmOL  BT  CBOP  XLINIKAf  lOI 

EoamoytTille,  W.Ya.  67 

BIOLOaiOlL  8TUDXX3 

Tineonnot,  Ind.  —   33 

Taldaa,  Wath.     5^ 

IPFLX  MAOGOT 

Pon^^ooptio,  H,  T»-----  51 
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niscsms,  ihdzaba 

L.  J  4  Steiner,  In  Charge  l/ 

Seatonal  Condltiont  and  Codling  Moth  DtTelopaent 

fhe  codling  moth  carryoyer  froa  19^2  vat  well  below  noraal. 
Mortality  approziaated  20  percent  bat  only  a  h  percent  mortality  of 
lar?ae  binder  tovl^  bark  reeulted  froa  the  winter's  ainiaoa  teapera^ 
turee  of      to  -S^T.  oa  March  3  and  S  idiich  killed  many  apple  bnde 
and  practically  all  peach  budt. 

Codling  aoth  eaergence  began  on  May  3  "Ad  egge  began  to  hatch 
between  May  18  and  21.    Bainfall  in  May  ranged  froa  8.03  to  9.96 
inehss  in  h  Tincennes  orchards.    Twenty-one  distinct  periods  of 
rainfall  between  May  8  and  2^  aade  conditions  ideal  for  apple  scab. 
Solfor  was  therefore  used  in  all  sprays  applied  prior  to  the  first 
week  of  hatch,  and  the  effectireness  of  poison  deposits  was  lanusually 
low  idien  the  change  to  fayora^le  weather  occturred*    Bainfall  in  Jxuie, 
Jtily,  aiid  August  was  68  percent  below  normal  with  only  I/2  to  1  inch 
occurring  in  k  orchards  between  July  ^  and  September  2.    The  aean 
daily  aaxiaaa  teiqperatures  for  the  aonths  of  June,  July,  and  August 
ranged  froa  k  to  10  degrees  abore  normal,  the  temperature  exceeding 
93^'*  on  23  days  in  July  and  iugust.    As  a  result,  particularly  in 
orchards  sprayed  with  lead  arsenate,  the  codling  moth  built  up  at  a 
rate  seldoa  before  obserred  in  the  aiddle  west. 

Second^brood  larrae  were  hatching  before  July  1  with  the  peak 
occurring  during  the  second  half  of  that  aonth.    Th%  thir&*brood 
hatch  wad  at  its  peak  about  S^teaber  1*    Soae  fourth-brood  larvae 
appcurently  hatched  in  certain  orchards  at  Tincennes,  Indiana  and 
Henderson,  Kentucky  %dxere,  on  October  1,  up  to  10  fresh  injuries 
were  obseryed  on  single  apples,       though  hi^  prices  and  a  33 
kO  percent  crop  resulted  in  a  rapid  and  thorou^  clean  up  of  drops 
the  present  carryover  of  hibernating  larvae  is  above  noraal  in  aost 
orchards. 


Laboratory  Ixperiaents  With  Insecticides 

Tests,  utilising  not  less  than  UO  apples  and  kOO  newly  hatched 
larvae  each,  were  arranged  to  evaluate  new  coinpounds,  aodifi  cat  ions 
of  established  spray  foraulas,  and  to  compare  the  relative  ability 
of  codling  aoth  larvae  froa  various  local  orchards  to  enter  unsprayed 
fruit  -and  fruit  sprayed  with  various  insecticides,    de  best  of  the 
spray  aixtures  developed  were  subsequently  tested  undo?  field  conditions* 

TJ   111  chemical  analyses  reported  herein  were  made  by 
J.  X.  fahey,  IDivision  of  Insecticide  Inve^ ligations. 
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In  a  oomparison  of  2  natural  cryolites,  the  average  l-aryi« 
cldal  efficiency  of  6  treatments  was  ^8.1  percent  where  a  cryolite 
containing  70  percent  HaTAlFg  was  used  cuid  ^9*^  percent  yrhere  the 
standard  product  containing  approziaately  90  percent  Ha^Al?^  was 
en^loyed.    fhe  two  cryolites  were  used  at  dilutions  glTing  coi»- 
parable  amount s  of  fluorine. 


In  tests  with  severed  copper  aind  nicotine  preparations*  cuprio 
hensoate  dihydrate  gave  promise  of  heing  a  confound  that  could  "be 
used  with  nicotine  hentonite  without  reducing  its  effectiveness 
against  codling  ooth.    This  is  the  only  copper  compound  tested  to 
date  which  did  not  reduce  the  larvicidal  efficiency  of  nicotine 
bentonite.    Its  fungicidal  value  is  worth  testing* 

In  preliminary  tests  DM  appeared  to  he  very  promising  as  a 
codling  moth  insecticide,    \lhereas  3  pounds  of  lead  arsenate  per 
100  gallons  of  water  seldom  produces  an  efficiency  above  ^0  percent* 
1  pound  of  BDT  generally  showed  initial  efficiencies  ranging  from  93 
to  100  percent.    She  results  of  an  experiment  to  determine  the  rel** 
tive  resistance  of  deposits  from  different  formulas  containing  DDT 
to  ti^  water  sprays  are  shown  below: 


formula 


Percent  larvicidal  efficiency 
Of  original       After  5  tap- 
deposits 


1. 

DDT-Pyroi^llite  ( 50-50)  mixture 
2  lbs. 

99.6 

98.7 

2. 

Tbrmnla  1  plus  Bordeaux  (1:2:100) 

100.0 

96.0 

3. 

lonnila  1  plus  wet  table  microfine 
sulfur  k  lbs. 

98.2 

So.k 

k. 

Toranla  1  plus  emulsive  type 
summer  oil  1  qt» 

98.2 

98*2 

5. 

Tormula  1  plus  Ifyoming  bentonite 
2  lbs. 

99.6 

96,U 

6. 

Pormola  5  pl^s  aluminum  sulfate 
2  OS,  and  soybean  phosphatide 
spreader  2  os. 

100.0 

8U.0 

Least  significant  difference 

lO.O 

1/  lach  tap-water  spray  was  equal  in  volume  and  force  to  the 
original  application  of  the  spray  mixture.  They  were  applied  at 
30-second  intervals  about  15  hours  later. 


The  low  effldeney  of  the  sulfur  aizture  after  the  tap  water 
sprays  does  not  prore  that  sulfur  and  SDT  are  incompatible.    If  so, 
the  efficiency  of  the  original  deposits  should  have  heen  reduced. 

Nothing  was  gained  by  the  addition  of  the  8x*pple«ents  in  these 
teste  and  where  a  wetting  agent  was  included  as  in  foranilas  3  6 
the  DDT  deposits  were  definitely  less  resistant  to  the  tap  water 
sprays.    The  eoatpatibility  of  the  BDT-bordeaux  and  DDT-oil  mixtures 
were  later  verified  in  laboratory»field  tests. 

In  preliminary  tests,  micronized  scorodite  at  1.^,  3,  and  6 
pounds  per  100  gallons  alone  and  supplemented  with  weak  bordeaux 
proTed  to  have  practically  no  toxicity  under  laboratory  conditions. 
Althou^  the  6  pound  scorodite  formula  gave  deposits    of  20.4  mag. 
AsgO^per  sq.  cm.,  the  larricidal  efficiency  was  only  9  percent. 
Lead  arsenate  at  1*5  pounds  per  100  gallons  left  a  deposit  of  S.9  mmg. 
per  sq.  cm.  and  had  a  laryicided  efficiency  of  3^  percent. 

Tests  of  different  orchard  strains  of  codling  moth  larvae  were  re- 
sumed in  December  as  a  continuation  of  the  work  reported  in  19^2. 
Xridence  now  being  obtained  indicates  that  a  substantial  increase 
in  the  apparent  resistance  of  larvae  to  nicotine  bentonite  can  de- 
velop in  an  isolated  orchard  population  with  only  3  years  use  of 
this  insecticide  and  that  the  population  meanwhile  loses  little  if 
any  of  its  previously  acquired  ability  to  enter  fruit  sprayed  with 
lead  arsenate. 


Laboratory- field  Jfixperiments 

The  method  used  in  conducting  these  esqperiments  has  been 
described  in  previous  reports  aid  is  outlined  in  detail  in  Bureau 
circular  X-4gg  (September,  1939)*    However,  instead  of  using  80 
apples  and  6U0  larvae  for  each  efficiency  test  the  samples  were 
reduced  to  60  apples  with  600  larvae  being  used.    Some  330,000 
larvae  were  applied  in  the  tests  discussed  herein. 

The  trees  used  for  the  2  princii>al  series  of  tests  were  of 
the  Borne  Beauty  and  Orimes  Oolden  varieties  and  were  2^  and  23 
years  old  respectively.    Prebloom  sprays  were  applied  by  the  grower. 
In  in-bloom  spray  of  2:^:100  bordeaux  was  used  for  control  of  scab 
and  fire  bli^t.    A  uniform  calyx  spray  of  3  pounds  of  lead  arsenate, 
3  pounds  of  lime  and  6  pounds  of  wettable  sulfur  was  applied  to  the 
Grimes  on  Nay  3        to  the  Borne  Beauty  on  May  k  and  3.    In  addition, 
3  sulfur  dusts  and  a  sulfur  spray  were  applied  during  the  10  days 
after  petal  fall*    The  trees  were  sprayed  with  approximately  30 
gallons  each  per  application  during  the  cover- spray  period. 
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The  dates  of  oorer  spray  applications  follow: 


Spray 
Huaber 

X 

2 
3 


Series  1 
Boae  B* 

Kay  21-22 

May  2S-29 

J-one  U-.5 

June  IW3 


Series  2 
Grimes 

May  19 

May  27 

June  S 

June  17 


Spray 
Hunber 

5 
6 

7 
8 

9 


Series  1 
Roae  B. 

July  S-3  , 

July  15-16 

Ac^st  2-3 

ingust  19-20 


Series  2 

Grimes 

July  6 
July  23 
iu^st  12 


September  1 


Xffioiency  determinations  vere  made  before  and  after  each  cover 
■pray  beginning  with  the  second,  and  also  at  harvest.    The  Borne  Beauty 
plots  vere  arranged  in  a  restricted  randomization  of  7  single-tree 
replicates  per  plot  to  provide  regular  control  data  (see  table  3)  cuod 
one  2-tree  replicate  used  for  the  laboratory-field  tests. 


In  this  report  space  does  not  permit  presentation  of  the  indi- 
vidual paired  efficiency  €uid  deposit  determinations.    Tor  purposes 
of  coBtparison,  the  percent  larvicidal  efficiencies  and  weights  of 
fresh  and  weathered  deposits  have  been  averaged  sepeurately  for  the 
first-brood  period  and  for  the  remainder  of  the  season.    ?resh  de- 
posits are  those  sasipled  within  3  days  after  a  spray  application 
(usually  the  same  day  or  the  day  after).    Veathered  deposits  are 
based  on  samples  taken  from  6  to  I7  days  after  an  application,  the 
shortest  interval  occurring  between  the  second  and  third  cover  spray 
and  the  longest  between  the  final  spray  and  harvest. 


Series  1 


treatments  and  results  oh  the  Bome  Beauty  variety  are  given  in 
table  1*    A  list  of  abbreviations  used  to  indicate  the  spray  materials 
included  in  the  treatments  shown  in  that  and  subsequent  tables  follows! 


301  oil  (a  raw  mineral  oil  of  8^^ 
U,  B.  and  37  s^c.  viscosity). 

371  oil  (a  raw  mineral  oil  of  80^ 
B.  and  72  sec.  viscosity). 

Bdz.  (1/2:1:100  bordeaux  mixture). 


Cry.  70  (natural  cryolite,  70^ 

Hayar^). 

Cry.  90  (natural  cryolite,  regular). 

CSGP  (Central  Soya  Co.  crude 
soybean  phosphatides). 


List  of  abbreviatlone:  Continued 


CBD  (euprie  l)enEoat«  dihydrate). 

DDT  (diehloro  diphenyl  trieh- 
lo roe thane). 

DDT-Pyrax  (a  50:50  mixt\ire  of  DDT 
and  Pyrophjrllite) . 

Dlt-l:10  (dz7  fflix,  1  pt.  nie.  to 
10  lb.  XXK,  powder). 

7  (ferric  dimethyl  dithiocar1»aiiate) . 

JPHB  (factory  proeeeted  nicotine 
bentonite,  1^^). 

UL  (Lead  arsenate). 

XVE  (Wyoming  hentonite.  pell«»t  form). 

Li  (hydrated  spray  lime). 

lCDIf-l:5  (microniced  dry  mix,  1  pt« 
nic.  to  5  lb.  EVE  powder). 

NDIi-l:10  (fflioronised  dry  mix,  1  pt. 
nic.  to  10  lh«  EVE  powder). 


MO  (an  enrol 8 ire  97^  mineral  oil 
of  91.0^  U.  R.  and  57.66  sec, 
viscosity). 

Nic.  (nicotine  sulfate,  koji), 

PC  (Panther  Creek,  Mississippi 
bentonite). 

Pheno*  (micronized  phenothiasLne), 

S  (sralfor,  wettable  or  dusting). 

SOP  (crude  soybean  phosphatides). 

87  (soybean  flour). 

SO  (soybean  oil,  crude). 

ZLIO  (niO  Mississippi  bentonite). 

TC  (commercial  preparation  of  55^ 
oil- free  soybean  phosphatides 
and  k^i  carbitol). 

ZS  (sine  sulfate). 
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TalJle  1.    Average  percent  larricidal  efficiencies  «uid  spray  deposits. 

Series  1.    Rome  Beauty.    Vincennes,  Indieuaa.  19^3 


May  28-July  2        July  3-Sept.  10 
Cover       Matericds  per  100  .    Presh     Weathered    Fresh  Weathered 

Plot  sprays  gallons  Deposits^  deposits    deposits  deposits  deposits 


1 

1 

4  It.LA.U  lb. Li, 4  02. SF. 

2 

U  Ih  LA  Bdx  .1  at.  MO 

39 

68 

65 

3-U 

U  Ih.LA.Edx. ,2  qt.  MO 

As20^ 

(13.3) 

(7.^) 

(18.0) 

(15.6) 

3  Ib.LA.Bdx. 

q 

2  Ib.LA.Bdx. 

2 

1 
2 

4  Id. LA, 4  Id. Li, 2  oz.IC 
4  lD.LA,Bdx. ,1  qt.MO, 

4  02.  iC 

47 

47 

69 

67 

\  lb.LA,Bdx..2  qt.MO, 

A820^ 

(10.7) 

(6.8) 

(18.1) 

(11+.6) 

U  oz.  YC 

5-8 

3  llD.LA,Bdx. , 2  oz.iC 

- 

9 

2  Ib.LA^Edx. .2  oz.  YO 

3 

l-lf 

2  Ib.LA.l  lb.  Pheno. , 
1/2  Ib.ZS,  1  lb.  Li. 
U  oz.  SP. 

5-6 

3  Ib.LA.l  lb.  Pheno. , 

58 

35 

71 

51 

1/2  Ib.ZS,  1  lb.  Li, 

AS2O3 

(6.2) 

(3.5) 

(13.1) 

(11.0) 

4  oz.  SP 

Pheno . 

(9.2) 

(2.7) 

(6.7) 

(1.7) 

7 

1/2  Ib.ZS.  1  lb.  Li. 
U  oz.  SP 

8 

3  lb. LA, 1/2  lb.  ZS, 
1  lb.  Li. 

9 

2  lb. LA,  1/2  Ib.ZS, 
1  lb.  Li. 

k 

1 
2 

3  Ib.PPNB,  3  lb.  S 
3  Ib.PPNB.  1  qt.MO 

66 

8Q 

77 

3-^ 

3  Ib.PPHB,  2  qt.MO 

Nicotine 

(2:3) 

(i.o) 

(2I) 

5-9 

2  Ib.PPNB,  2  qt.MO 

5 

1 

1  pt.nic,  5  Ib.KWK, 
3  lb.  S. 

1  pt.nic.  5  Ib.KWK, 

1  qt.  SO 

86 

73 

95 

5-7 

2/3  pt.nic .  3  Ib.KWK, 
1  qt.  SO. 

Nicotine 

(5.3) 

(2.8) 

(5.1) 

(  3.9) 

8 

2/3  pt.nic,  1/2  Ib.KWK. 
2  qt.  MO. 

9 

2/3  pt.nic.  1/2  Ib.KWK. 

3  qt.  MO. 
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Ta"bl« 

1.  (Continued) 

May  2g-JTily  2 

July  3- Sept.  10 

Cover 

Materials  per  100 

i^eposi  w8±/ 

Fresh 

Weathered 

Fresh 

Weathered 

Plot  spray 0  gallons 

deposits 

deposits  deposits 

deposits 

6  1 

1  pt.nic,  5  Ib.KVIK, 

3  11).  s. 

2 

1  pt.nic,  .5  Ib.KVIK, 

3-4 

1  qt.MO 

73 

93 

g7 

1  pt.nic.  5  Ib.KwK, 

Nicotine 

(f=i  a) 

Vy.v/ 

(2.if) 

(3»g) 

Vc.*f ; 

c.  4,  V  •  nv  * 

5-9 

2  Ib.EPNB,  2  qt.MO. 

7  1 

1  pt.nic, g  Ib.XllO, 

3  Ib.S. 

2 

1  pt.nic. 8  Ib.XLlO, 

o*f 

77 

95 

90 

1  qt.MO. 

v3«oJ 

(1.5) 

(5.0) 

(3*2) 

1  pt.nic, S  Ib.XllO. 

2  qt.MO. 

5-9 

2/3  pt.nic ,  5 

X110.2  qt.  MO. 

g  1 

1  pt.nic, 8  Ib.XllO, 

1  Ib.F. 

2 

1  pt.nic, g  Ib.XllO, 

1  Ib.F. ,  1  qt.MO. 

gg 

81 

94 

gg 

1  pt.nic, g  Ib.XllO, 

Nicotine 

(3.0) 

(1.0) 

(^.if) 

(2.6) 

1  Ib.F. ,  2  qt.MO. 

5 

2/3  pt.nic. 5  Ib.XllO, 

1  Ib.F. ,2  qt.MO. 

- 

6-7 

O— ( 

-nt  n1  f»     R  lb  XllO 

1/2  Ib.y. ,2  qt.MO. 

2/"'?  TDt.nic.5  Ib.XllO 

2  at.  MO. 

9  1 

1/2  pt.nic, If  Ib.XllO, 

3  Ib.S. 

09 

2 

1/2  pt.nic, U  Ib.XllO, 

51 

92 

79 

1  qt.MO,  k  02.  ZS. 

Mico bine 

(2.2) 

(1.0) 

(3.2) 

(2.0) 

3-9 

1/2  pt.nic, if  Ib.XllO, 

2  qt.MO.. if  OB.  ZS. 

10  1 

1/2  pt.nic, if  Ib.XllO, 

3  lb.  S. 

g6 

2 

1/2  pt.nic, if  Ib.XLlO 

77 

59 

95 

1  qt.  MO., if  oz.ZS,8  oz. 

Nicotine 

(2.if) 

(1.2) 

(3.9) 

(2.if) 

SCP 

3-9    1/2  pt.nic, if  Ib.XllO, 
2  qt.MO, if  02. ZS,  if-g  02. 
SCP 
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Table  1,    (Continued)   ^  

May  28-JTily  2        Jixly  VSept.  10  ^ 
Cover       Materials  per  100  .    IVesh     Weathered    Presh  Weathered 

Plot  sprays  gallons  Deposits!/  deposits    deposits  deposits  deposits 


11 

1 

1  T)t.nic,.8  Ih.PC,  3  Ih.S 

76 

2 

1  Dt.nic.S  It.PC.l  qt.MO 

g3 

93 

79 

3-^ 

j—f 

1  pt.nic.,8  lb. PC, 2  qt.MO  Nicotine 

(3.6) 

(1.7) 

(^.5) 

(2.8) 

5-9 

2/3  T5t.nic.,5  lb. PC, 2  qt.MO 

12 

1 

1/2  pt.nicU  lb. PC, 3  Ib.S 

2 

1/2  pt.nic^f  lb.PC,l  qt. 

66 

92 

77 

MO,H  oz.ZS.S  oz.  SCP  Nicotine 

(2.2) 

(1.0) 

(3.2) 

(2.1) 

3-9 

1/2  pt.nicU  lb.PC,2  qt. 

MO,^  oz.ZS,  U-g  oz.SGP. 

X 

60 

2 

3  lb.MDM-lJ5,  1  qt.301 

73 

92 

oil,  6  oz.  SCP  Nicotine 

(2.7) 

(1.2) 

(3.9) 

(2.9) 

3-9 

3  lb. MDM-1: 5,2  qt.301 

oil,  ^  oz.  SCP. 

Ik 

1 

5.5  lb.  DM-1:10,  2  Ib.S 

2 

5.5  lb.  DM-iaO,  1  qt. 

301  oil,  6  oz.  SCP 

61^ 

91 

82 

3-9 

5.5  lb.  DM-lilO,  2  qt.  Nicotine 

(2.6) 

(1.1) 

(3.7) 

(2.8) 

301  oil,  6  oz.  SCP. 

1/    Deposits  as  mag.  per  cb2  are  shown  by  figures  in  parenthesis. 


Although  treatments  such  as  Nos.  2  (2nd  to  Uth  cover  sprays), 
10,  12,  13*  and  1^  had  some  deposit  building  tendencies,  no  over- 
spraying  was  done.    All  were  sprayed  uniformly  inside  and  out  to  the 
point  of  run<-off  hence  somewhat  lighter  though  more  toxic  deposits 
were  obtained  on  these  plots,  partictilarly  early  in  the  season  before 
the  heavier  deposits  on  the  others  were  well  filmed  by  repeated  appli- 
cations.   Tor  exaarple  the  addition  of  2  to  U  ounces  of  a  soybecui 
phosphatide-carbitol  mixture  to  the  standard  lead  arsenate  bordeaux 
schedule  (2)  resulted,  early  in  the  season,  in  a  substantial  increase 
in  efficiency  but  a  reduction  in  deposits.    This  plot  produced  7^  per- 
cent clean  fruit  compao'ed  to  69  percent  on  Plot  1.    The  phenothiazine- 
lead  arsenate  mixture  (3)  without  oil  gave  higher  initial  efficiencies 
than  either  Plot  1  or  2,  but  proved  too  susceptible  to  weathering. 
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The  factory-processed  nicotine  "bentonite  (U),  althoTogh  but 
little  better  e&rl^  in  the  season  in  its  larvicidal  action  than 
the  half  strength  t€tnk  mix  (9),  gave  better  control  of  first-brood 
larrae  probably  because  of  a  higher  ovicidal  effect  resulting  from 
the  smaller  amount  of  solids  in  the  mixture*    Plot  9*  however, 
produced  83  percent  clean  fruit  and  plot  U,  82  percent.    The  latter 
treatment  lost  efficiency  rapidly  late  in  the  season  after  the 
drought  ended  and  normal  weather  prevailed.    Between  September  1 
and  10  the  deposits  on  plot  k  declined  from  ^.0  mmg.  per  sq.  cm. 
to  2.1  and  the  efficiency  from  9^«1  to  83.2  percent  while  on  plot 

9  the  respective  reductions  were  from  k,k  to  3»^  mmgs,  nicotine 
and  9U.6  to  92.9  percent  efficiency.    Bainfall  was  well  distributed 
diiring  this  10-day  period  and  totalled  1.29  inches. 

Treatment  3*         standard  tank  mix  nicotine  bentonite 
(Vyoain^) ,  soybean  oil  formula,  was  also  weak  near  the  end  of  the 
season  after  mineral  oil  was  substituted  for  the  soybean  oil  and 
the  bentonite  was  reduced.    The  split  schedule  used  on  plot  6  gave 
results  approximately  equal  to  those  obtained  with  No.  3  was 
less  effective  early  in  the  season.    This  has  been  characteristic 
of  the  Wyoming  bentonite-minersd  oil  formula  in  previous  seasons. 
Plot  6  averaged  33  worm  entrances  and  77  stings  per  tree  on  June 
30  compared  to  6  entrances  and  ^6  stings  for  plot  3. 

As  in  19^2  the  outstanding  treatment,  suitable  for  immediate 
adoption  by  growers,  was  the  Mississippi  bentonite,  nicotine  sul- 
fate, mineral  oil  tank  mix  (7  and  ll).    Although  the  end  results 
were  the  same  (87  to  88. U  percent  clean  fruit)  regardless  of 
whether  the  XllO  bentonite  (7)  or  the  Panther  Creek  (ll)  were  used 
it  is  believed  that  the  former  is  sli^tly  superior.  Treatments 

10  and  12  utilized  these  same  bentonites  with  less  nicotine  and 
8iq>plemented  with  soybean  phosphatides  and  line  sulfate.  The 
effect  of  the  soybean  phosphatides  on  the  XllO  Mississippi  bentonite 
formula  (9        lO)  %iras  to  increase  the  average  deposits  20  percent, 
change  the  type  of  coverage  from  a  blotchy  to  a  very  smooth  film 

and  bring  about  a  very  substantial  increase  in  larvicidal  efficiency. 
The  Panther  Creek  Mississippi  bentonite  (12)  with  its  greater  swell- 
ing value  proved  considerably  less  effective  in  these  mixtures  than 
the  XLIO.    Although  very  promising,  because  of  the  ideal  film  cover- 
age obtained  on  the  fruit,  it  wae  evident  from  these  tests  that  the 
nicotine  sulfate  content  of  such  formulas  as  10,  12,  13»  and  1^ 
should  be  maintained  at  the  equivalent  of  1  pt.  per  100  gals,  until 
one  or  two  cover  sprays  have  been  applied  particularly  if,  as  in 
19^3 «  Bulfur  replaces  the  oil  and  phosphatides  in  the  first  cover. 
Plots  10  and  12  each  produced  79  percent  clean  fruit,  equalling 
lead  arsenate  in  worm  control  and  greatly  exceeding  it  in  control 
of  stings.    However,  an  average  of  23  percent  of  the  worm  entrances 
on  plots  10  and  12  were  made  through  or  adjacent  to  the  calyx  while 
17  percent  of  those  on  plots  7  and  11  were  at  that  point. 
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fbls  suggests  that  the  film  type  corerage  stlmlates  larral 
Boyement  over  the  apple  so  that  more  find  the  calyx  or  that  the 
deposits  of  these  film  type  coverages  in  the  region  of  the  calyx 
are  disproportionately  smaller  than  obtained  with  deposits  of  the 
hlotchy  type. 

Although  the  larvioidal  efficiencies  of  the  Mississippi 
bentonite  tank  mix  with  ferric  dimethyl  dithiocar hamate  (S)  were 
approximately  equal  to  the  regular  treatment  (j)  and  the  worm 
populations  on  June  30  were  almost  identical,  actual  control  was 
Inferior  during  the  second  half  of  the  season,  plot  S  produoinf 
S3  percent  clean  fruit  compared  to  S8  percent  for  plot  7*  In 
setting  up  this  treatment  advantage  was  not  taken  of  the  fact 
that  the  fungicide  could  have  been  substituted  for  sulfur  in  the 
7-day  spray  and  oil  u&ed  in  the  first  cover, 

fhe  performance  of  the  micronized  dry  mix  (13)  with  soybean 
phosphatides  was  outstanding  during  the  second  half  of  the  season 
(91  percent  clean  fruit)  particularly  in  viev  of  the  saving  in 
nicotine  used,  but  like  the  other  "reduced  nicotine"  treatments 
(9,  10,  12,  and  1^}  this  formula  was  less  effective  early  la  the 
season  than  the  standard  tank  mixtures.    Unfortunately,  at  tha 
present  time  few  growers  could  make  this  material  and  have  it 
micronized.    Like  on  plots  10  and  12  the  deposits  were  in  the  form 
of  a  perfect  film  but  were  not  conspicuous.    The  1:10  regular  dzy 
mix  (1^)  was  less  effective  than  the  micronized  product  but  despite 
the  reduced  nicotine  content  of  the  spray  mixture  it  was  nearly 
equal  larvicidally  to  the  full  strength  faptory  processed  material. 
!Die  ovicidal  value  early  in  the  season  was  apparently  less,  however, 
since  control  of  first-brood  worms  was  no  better  than  obatinad  with 
lead  arsenate.    Control  of  second-  and  third-brood  larvae  was  ex- 
cellent, the  efficiency  between  September  1  and  10  declining  only 
from  9S  to  95  percent.    The  plot  produced  SI  percent  clean  fruit* 

Series  2 

Treatments  and  results  on  Crimes  Golden  are  given  in  table  2. 
Treatments  1,  ^,  and  7  of  the  Series  1  tests  were  repeated  on  this 
variety.    Plot  2^  is  similar,  except  for  the  kind  of  Mississippi 
bentonite  used,  to  plot  16  in  the  field  tests  on  Torley  (table  k). 


Ta'ble  2.    Average  percent  larvioidal  efficiencies  and  deposits. 

Series  2.    Grimes  Oolden,  Vincennes.  Indiana.  19^3 

May  26-JT3ly  6        July  6-8ept.  7 


Cover      Materials  per  100  Tresh     Weathered   fresh  Weathered 

Plot  sprays  gallons  Deposits!/  deposits    deposits  deposits  deposits 

1        1     k  Ib.UL,  k  Ih.  U..  3 

S.,      OS.  SF  39  31  58  5lf 

2     U  Ib.UL,  Bdx..  1  qt.MO  A82O3         (l6.g)  (9.7)      (17,7)  (13.9) 

3-4    U  lb. LA,  Bdx..  2  qt.MO  Ou.  (2.4)  (l.l) 

5-  7    3  lb. LA,  Bdx. 

21  Ik  Ib.LA,  U  lb.  Li.»  3  lb. 

S..  2  01.  YO 
2     U  Ib.LA,  2  lb,  Li..  1  qt. 

MO.  8  oz.  08CP.  43  34 

yJk    k  Ib.LA.  2  lb,  Li.,  2  qt.  AS2O3         (13.5)  (8-5) 
MO.  8  oz.  CSGP 

5    1-1/2  1^.  DM  99  87 

6-  7    2  lb,  DDT-Pyrax 

22  1     U  Ib.LA.  3  lb.  8., 

k  oz.  ST 

2     U  Ib.LA,  1  lb.  ZS,  Hi  31  discontinued 

1  qt.  MO  AS2O3        (15.7)  (9.^) 
3-4    k  Ib.LA,  1  lb.  ZS, 

2  qt.  MO 

22a     5-7    k  lb. Cry. 90,  2  qt.MO  80  66 

Huorine  (35.9)  (19.6) 

22b     5-7    5  lb.Cry.70.  2  qt.MO  83  7a 

Huorine  (39.6)  (24.7) 

5        11  pt.Nic,  5  lb.  rwK. 

3  11).  S. 

2-4  1  pt.Kic,  5  113.  ™.  85  60  92  78 

1  qt.SO.  Nicotine     (8.0)        (3.6)       (5.I)  (3.1) 

5-  6    2/3  pt.Hic,  3.3  lb. 

EWK,  1  qt.  SO 
7      2/3  pt.Iic.  1  Ib.IWI, 
3  qt.  MO 
5«       5     1-1/2  11).  DDT 

6-  7    2  lb.  DDT-Pyras  100  94 


-  15  - 


Table  2.  (Coatintied) 


Mmt  2b-Jtily  b        JtOy  6~Sw)t.  7 
fresh     Weathered   treeh  Weathered 
Seposlti^ deposits   deposits  deposits  dsposits 


CoTsr 
Plot  sprays 


Materials  per  100 
gallons 


Vi  CO tine 


Vicotine 


Hicotine 


15        11  pt.Iic,  5  1^*  WK. 
3  lb.  8. 
2     1  pt.Vio.,  5  lb.  XVX, 
1  4t.301  oil,  8  OI.08GP 
3-^   1  pt.Iic,  3 

a  qt.301  oil.  8  OB.080P. 

23        11  pt.  Hie,  8  Ib.ZLlO, 
3  lb*  8,  2  OS.  TO 

1  pt.  lie.  8  Ih.XLlO, 

2  01.  TO 

5-7    2/3  pt.Iic.  5  lb. 
XllO,  2  df.  TO 

2^        11  pt.Iic,  8  lb.  XllO. 

3  lb.  8. 

2     1  pt.  lie,  8  Ib.ZLlO, 

1  qt.  301  oil 

3-4   1  pt.Iic, 8  Ib.niO, 

2  qt.  301  oil 

5-7    2/3  pt.Iic,  5  Ib.niO. 

2  qt.  301  oil 

25  11  pt.Iic.  5  Ib.niO, 

3  lb.  bentonite  stdfur 
2     1  pt.Iic,  8  Ib.ZUO, 

1  qt.301  oil,  8  OB.080P 
3-4   1  pt.Iic,  8  Ib.niO, 

2  qt.301  oil.  8  os.OSGP 
5-7    2/3  pt.Iic,  5  U.XllO, 

2  qt.301  oil,  8  OS.  080? 

26  11  pt.Iio.,  8  Ib.ZllO, 

1  lb.  I. 
2    1  pt.Iic,  8  ib.mo, 

1  qt.301  oil,  8  OS. 
CSCP,  1  lb.  T. 

3-^   1  pt.Iic.  8  Ib.XllO. 

2  qt,301  oil, 8  os.OSGP. 

1  lb.  ?. 

5-^    2/3  pt.Iic.  5  lb,XllO, 

2  qt.301  oil. 8  os.OSGP. 

1  lb.  T. 

7     2/3  pt.Iic, 5  Ib.XLlO, 

2  qt.301  oil, 8  os.OSGP, 
1/2  lb.  ?. 


lieotiae 


licotine 


76 

(8.0) 


87 


15 

(6.2) 


87 

(5.8) 


82 

(»t.8) 


59 

(2.7) 


62 

(2.^) 


(C2) 


59  95 
(2.2)  (5.3) 


63  95 
(2.l»)  (U.9) 


65  ?^ 
(2.6)  (H.2) 


72 

(2.1) 


86 

(2.5) 


79 

(2.7) 


87 

(2.5) 


fM9  2«    (Contlntwd)    ■ 

May  gS-Jnly  6       July  6~8ept.^7 
Oorer      Materials  per  100  Fresh   Veathered   Fresh  Veathered 

Plot  sprays  gallons  Depo sit s^/  depo si t s  deposits  deposits  deposits 


7 

1 

1  pt*Hic.,8  ID.XIIO, 

3  lh«  8. 

65 

2 

1  pt.Vic. ,8  ID.ZIIO 

85 

81 

1  qt.MO. 

Hi  00  tine 

/c  c\ 

(2.5) 

(t.S) 

(2.0) 

1  pt.Sie*,  8  ID.XLIO, 

2  ^t*liO. 

p/^  T>t.yie..^  Ib.XLlO. 

2  qt.KO. 

27 

1 

1  pt.Vio.,8  ih.nio, 

3  lh.8. 

09 

2 

1  pt,ino.,8  Ib.XLlO, 

92 

dlaeontlmiad 

1  qt.MO.,1  Ih.GBS 

Hi CO tine 

Vc.2; 

1  pt«Iie.,8  Ih.ZLlO, 

Ott. 

(2.5) 

(1.0) 

^  qt.NO.,1  IT).  GBD, 

U  OS.  sr. 

2tf 

1 

1  pt.Hi<s.,g  lh«X110,3  ^>>*8- 

9 

1  pt.Iio.»8  I'b.ZLlO, 

>^ 

1  qt.MO 

71 

100 

9^ 

2  Ih.  BDf 

5 

1-1/2  ib.raw 

6-7 

2  Ih,  ODf-Fyrax 

29 

1 

3  lh.ia)M.lt3,  3  lb. 

8.,  2  OS.  TC 

2 

3  lh.MDM-l:5,  1  qt. 

86 

9>» 

85 

MO,  6  os.CSGP 

Hicoti&« 

(1.9) 

(3.«) 

(2.2) 

>7 

3  Ih.MDM-^ltS,  2  qt. 

MO,  ^  os«,C8aP. 

1 

5  lb.MZ)N.l:10,  3  Ih. 

8.,  2  OS.  TC 

2 

^  Ib.MSIUiaO,  1  qt. 

6S 

86 

MO.,  6  OS.  CSOP 

Hieotiae 

(3.8) 

(8.0) 

(2.8) 

(2.6) 

3-7 

3  lb.NIXUltlO/2  qt. 

MO,  6  OS.  C8QP 

\J    Deposits  as  ng.  oa^  gre  shoim  bar  figures  in  parenthesis. 
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In  these  tests  the  addition  of  the  soybean  phosphatides  to 
the  lead  eu:Benate«liffle  aixture  (21)  decreased  the  deposits  slightly 
belov  those  of  the  standard  lead  arsenate-hordeanz  plot  Init  in- 
creased the  efficiency.    HoweTer,  as  a  safener  for  lead  arsenate, 
the  liae  vas  less  effectire  than  the  bordeaiiz.    About  30  percent 
defoliation  occurred  hy  June  3^  on  plot  21  compared  to  10  percent 
on  plot  1.    Both  treataents  increased  the  amount  of  russet.  The 
use  of  sine  sulfate  without  line  as  a  safener  failed  on  plot  22, 
in  vhich  10  percent  of  the  fruit  was  russeted  cmd  UO  percent  de-^ 
foliation  occurred  before  the  end  of  June  %rith  some  bum  on  all 
reaaining  leares.    The  regular  and  70  percent  cryolites,  used  in 
the  second-brood  period  on  plot  22  (22a  and  b)  prored  equal  in 
effectiveness ,  as  they  had  in  the  laboratory.    The  laryicidal 
efficiencies,  howerer,  were  significantly  lover  thcui  those  of  the 
better  nicotine  bentonite  formulas  but  well  above  those  of  the 
standard  lesui  arsenate  plot  (l).    de  cryolites  caused  very  little 
additional  injury  to  the  foliage  on  plot  22. 

In  this  series  of  tests  BDT  was  used  on  plot  28  in  the  last  5 
of  the  7  sprays  cmd  on  plots  21a  and  ^a  in  the  last  3  sprays.  These 
tests  desonstrate  the  high  efficiency  of  the  material,  both  when  the 
deposits  are  fresh  and  after  they  have  weathered.    Because  of  the 
lower  residual  efficiency  of  the  lead  arsenate  on  plot  21  thaii  of 
the  nicotine  on  plot  3a*  the  use  of  DDT  over  lead  arsenate  deposits 
was  less  effective  after  periods  of  weathering  than  idien  used  over 
nicotine.    AX  harvest  26  days  sifter  the  last  spray  there  was  no 
longer  anj  significant  difference,  plot  21  having  an  efficiency  of 
S6  percent,  and  3&  89  percent.    The  efficiency  at  that  time  on  plot 
28  was  92  percent. 

Treatments  ^  and  I5  were  arranged  to  determine  if  a  raw  mineral 
oil  could  be  used  as  a  soybean  oil  substitute  by  including  soybean 
phosphatides  to  smooth  out  the  deposits.    Althou^  the  deposits  were 
well  filmed  the  efficiency  immediately  after  the  early  sprays  was 
significantly  lower  %diere  the  new  formula  (1^)  was  used.    The  ovi- 
cidal  efficiency  of  the  mineral  oil  combination  was  undoubtedly 
higher  than  that  of  the  soybean  mixture. 

Treatment  23  was  arranged  as  a  test  of  a  non-oil  nicotine- 
bentonite  schedule.    It  was  as  effective  larvicidally  as  the  standard 
Mississippi  bentonite  formula  (7)  immediately  after  the  sprays  but 
was  less  effective  after  weathering* 

Treatment  2^  in  which  a  raw  mineral  oil  was  substituted  for 
the  emulsive  type  (7)  was  less  effective  early  in  the  season  prob- 
ably because  this  oil  produced  more  spotted  deposits  than  the  other. 
Later  in  the  season  after  repeated  applications  brou^t  about  a 
smoother  coverage  it  proved  more  effective  than  the  "ready  mix"  oil. 
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The  effect  of  addio^  soybean  phoephatides  to  the  raw  oil 
forsula  is  Illustrated  'by  treatnent  23*    As  anticipated  it  gare 
rerj  smooth  and  more  effeotlTe  Imt  lifter  deposits  early  in  the 
season,    thereafter  the  weathered  deposits  on  plot  25  were  less 
effeotire  than  those  on  2^.    Ihe  use  of  No*  23  in  the  first-brood 
period  and  No.  2^  thereafter  should  proTe  adTanta^ous. 

Ihe  effect  of  adding  ferric  dimethyl  dithiocarbamate  to  the 
No.  25  form0.a  was  to  reduce  the  weight  and  effect  Irenes  s  of  fresh 
deposits  but  to  increase  the  effect ireness  of  the  weathered  deposits. 
Incidentally,  in  this  formola  the  fungicide  took  the  place  of  sine 
sulfate  and  gare  the  mixture  marked  deposit  building  properties  on 
the  side  of  the  fruit  and  foliage  facing  the  spray  gun.    Both  the 
fungicide  and  nicotine  built  rxp  readily  when  the  surfaces  were 
OTersprayed  leaving  a  heavy  coal-black  film.    Deliberate  orer- 
spraying  was  restricted  to  only  a  few  branches  %diich  were  avoided 
when  the  regulcur  samples  were  taken. 

On  plot  27  the  cupric  bensoate  dihydrate  previously  mentioned  gave 
as  promising  results  in  these  first  brood  laboratory- field  tests  as 
it  had  in  the  laboratory  experiments.    However,  early  in  July  some 
foliage  yellowed  and  dropped. 

Ihe  results  obtained  with  treatments  29  and  30  proved  that  the 
mier'onised  1:10  nicotine  bentonite  mixture  was  no  more  effective 
than  the  1:3  mixture.    Previous  tests  had  shown  that  the  regular 
1:10  mixture  was  considerably  more  effective  than  the  regular  1:3 
product  probably  because  of  the  larger  particle  size  of  the  latter. 

imong  the  nicotine  treatments  in  this  series  of  tests  Nos.  3 
and  26  were  the  only  ones  leaving  objectionable  residues  after  the 
fruit  was  brushed  at  harvest. 

IToliage  on  all  the  DDT  sprayed  trees  began  dropping  in  Angust 
and  defoliation  was  well  advcu&ced  by  late  September  but  since  there 
was  a  much  heavier  European  red  mite  population  on  these  trees 
earlier  in  the  season  than  on  other  trees,  including  those  left  un- 
sprayed,  the  real  cause  of  the  injxury  and  defoliation  was  not  definitely 
established.    No  injury  developed  where  DDT  was  used  in  other  tests 
on  Vinesap  although  it  allowed  the  mite  population  to  increase  on 
that  variety  also.    The  increased  mite  population  on  treos  sprayed 
with  DDT  is  believed  to  have  been  due  to  the  injurious  effect  of 
this  insecticide  upon  the  predators  of  the  mite. 

In  ovicidal  tests  conducted  under  field  conditions,  DDT  deposits, 
producing  larvicidal  efficiencies  of  96  to  100  percent,  had  no  signifi- 
cant effect  on  2,^72  eggs.    The  number  of  eggs  deposited  by  caged  moths 
on  foliage  in  these  plots  was  about  half  that  deposited  by  moths  eon- 
fined  in  certain  other  plots,  but  ants  attacked  the  moths  in  some 
cages  and  no  certain  evidence  was  obtained  that  the  ooorpoxind  -r^rld 
reduce  oviposition. 
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In  preliainaxy  laboratory  tests  in  %dileh  oaged  aoths  vers 
sprajed  with  DDT  (1  lb.  per  100  gals.)  the  eoapound  appeared  to 
hare  a  slight  toxicity  to  the  adult  when  a  vetting  agent  was  ia-> 
eluded.    Eoverer,  66  percent  of  the  aoths  reaained  noraal  for  ^ 
hours  after  the  application  as  cospared  to  g6  percent  for  those 
sprayed  with  the  lead  arsenate  check  and  18  percent  for  those 
sprayed  with  nicotine  bentonite  (l/2  pt«  nicotine  sulfate,  k  lb. 
bentonite,  2  ot.  soybean  phosphatide).    When  aoths  were  confined 
in  glass  containers  coated  either  with  DDT  deposited  f^oa  an  ace- 
tone solution  or  with  a  aicronlsed  talo-DDT  dust,  100  percent 
Bortality  occorred  within  2^  hours.    It  seeas  likely  therefore 
that  foliage  and  fruit  deposits  heavy  enough  to  kill  aost  of  the 
larrae  would  hare  soas  toxicity  to  the  aoths. 


Series  3 

In  a  third  series  of  laboratory-field  tests  on  Vinesap,  four 
cover  sprays  were  applied  between  June  23  *ud  harrest.    DDT  at  1 
pound  per  100  gallons  gave  sll^tly  better  results  idien  used  alone 
than  «hen  suppleaented  either  with  2  q.uarts  of  alaeral  oil  and  1 
pound  of  Mississippi  bentonite  per  100  gallons,  or  with  a  1/2:1:100 
bordeaux  aixture.    During  the  aonth  after  the  final  spray  rainfall 
totalled  2*U>3  inches.    Qie  efficiency  of  DDT  alone  declined  froa 
100  percent  to  88. S»  that  of  DDT-oil  froa  100  to  86*$  and  that  of 
DODT-bordeanx  froa  99*6  to  77 •9* 


Tield  Tests  of  Insecticidee  on  Bandoaited  Plots 
Hoae  Beauty 

Infestation  data  representing  all  drops  and  picked  fruit  on 
the  1^  treataents  (7  tingle  tree  replicates)  listed  in  table  1  are 
suaaarited  in  table  3. 

These  plots  were  arranged  in  a  11  x  17  row  block  with  the 
trees  set  UO*  x  Two  of  the  11  rows  near  the  aiddle  of  the 

block  were  of  the  Torley  rariety.    A  separate  series  of  6  plots 
replicated  ^  tiaes  tm»  set  up  on  the  Torleys  and  the  results  are 
discussed  separately. 

Twenty  bait  traps  distributed  in  trees  sprayed  by  the  grower 
along  2  sides  of  the  area  captured  acre  than  9*000  aoths  during 
the  season.    The  infestation  on  these  Boae  Beauty  trees  in  19^2 
averaged  80  injuries  per  100  i^les  despite  the  use  of  a  heavy 
lead  arsenate  prograa. 
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fmbX9  3.    Bestdtt  of  Sball  Plot  Tests  on  Bomo  Boatity.    Vinoennas,  ladiaoa 


▲rerago  pop   Soasonal  Data  

troo-»Jimo  30   ipplofl     Clean     Per  100  Apples 
Plot  (for  details  of  treatsents    Worms    Stings  per  tree   ipples   Voms  Stinjts 
see  Table  !•)  nuaber  nisiiber   ntunber   percent   ntuiber  nxuiber 


1. 

standard  lead  ar senate-oil- 
Mz. 

66 

220 

^.567 

68.6 

21.3 

29*1 

2. 

Iieadars.»  oil,  bdx«,  and 
soybean  phosphatides 

29 

119 

7^.7 

26.7 

3. 

Lead  arsenate,  phenothiasine, 
sn.  sulfate  and  lise 

30 

75 

3.«58 

65.9 

26.U 

26.8 

k. 

IPHB-NO 

13 

57 

3.628 

82.2 

13.6 

6.7 

5- 

Std.  tank  mix  lie. »  KWE, 
Soyoil 

6 

56 

3.«17 

83.9 

12.9 

5.^ 

6. 

Tank  fldx  Hie,  XNX.  NO  in 
k  sprays,  IPHB-MO  latisr. 

33 

77 

3.H07 

83.5 

13.1 

5.5 

7. 

Tank  olx  Miss,  hentonite 

(XllO),  Hie..  NO 

6 

50 

3.W7 

88.1|> 

9.5 

3.3 

S. 

Ko.  7  *  3P. 

10 

6S 

83.1 

^•5 

9- 

Aeduced  flio*  AlO,  nd,  aB 

39 

3  •7*^1 

62.0 

l^.b 

10. 

lo.  9  SCP. 

71 

S2 

^.197 

78.8 

19.0 

5.6 

11. 

Tank  six  Niss.  bent.  (PC), 
Hio.,  NO 

23 

68 

i^.^1 

87.0 

10.9 

3.6 

12. 

Seduced  Hio.,  PC,  ND,  ZS,  8GP 

S2 

100 

H.302 

7S.5 

19.7 

5.3 

13- 

HDR-IjS,  301  oil,  SCP. 

17 

86 

3.^86 

90.8 

2.7 

Ik. 

IM-1:10,  301  oil,  SOP. 

6^ 

3.529 

81.0 

16.6 

k.S 

Least  significant  difference, 
19:1  odds 

^7 

81 

880 

5.6 

5.3 
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fo  properly  ooapare  the  treatnents  girexx  in  table  3  considera- 
tion should  he  giTen  to  the  larrieidal  data  of  tahle  1,  the  adverse 
effect  of  spray  drift  from  lead  arsenate  plots  onto  nicotine  plots 
and  the  fact  that  inter  plot  migration  of  moths  reduced  potential 
differences,  particularly  hetveen  plots  tfhere  the  control  of  the 
first  brood  differed  greatly.    The  value  of  those  nicotine  treat- 
ments most  toxic  to  moths  were  underestimated  by  both  larvioidal 
efficiency  and  field-plot  control  data. 

In  this  set-up  two  locali£ed  areas  of  very  intensive  codling 
moth  attack  developed.    One,  extending  from  the  north  center  to 
the  center  of  the  block  vas  large  enough  to  affect  em  approximately 
equal  number  of  replicates  of  each  plot.    She  other,  however,  was 
at  the  southwest  corner  and  extended  into  only  part  of  the  Jth 
replication.    Replicates  of  plots  2,  10,  and  12  were  located  in 
the  outer  row.    The  seventh  tree  of  plot  10  contained  nearly  as 
many  worms  on  June  30      were  found  in  the  other  6,  while  the  plot 

2  and  12  trees  contained  1/3  of  their  plot  totals.    She  seventh 
replicate  of  the  other  11  plots  differed  only  slightly  from  the 
respective  plot  averages.    iChe  seasonal  data  indicated  that  i^ile 
plots  2,  10,  and  12  were  still  affected  the  most  the  infestations 
on  the  7th  replications  of  plots  3*  5*  7*  9*        ^3  in- 
creased to  a  point  %rell  above  their  respective  plot  averages. 
Ihese  replicates  were  within  k  rows  of  the  boundary.    Shose  of  the 
other  plots  farther  away  were  unaffected. 

In  the  control  of  the  first-brood  worm  entrances,  treatments 

3  and  7  Bay  be  considered  outstanding  with  k,  S,  11,  and  I3  groii^ed 
in  second  place,  2,  3*  ^*        9       third,  and  1,  10,  12,  and  1^ 
last. 

Ihe  outstanding  treatment  from  the  standpoint  of  both  seasonal 
and  first-brood  performance  as  well  as  practicability  was  the  tank 
mix  Mississippi  bentonite  (ZllO)  formula  (7)*    Althou^  the  micro- 
niied  dry  mix  (I3)  gmT«  better  results,  its  weakness  early  in  the 
season  would  have  to  be  overcome  by  the  use  of  more  nicotine  and 
its  production  at  present  is  impracticable.    Probably  the  other 
tank  mix  Mississippi  bentonite  formula  (ll)  could  be  classed  with 
treatments  7        ^3  effectiveness. 

file  other  nicotine  treatments  all  gave  about  equal  results 
when  the  seasonal  data  are  considered  and  allowance  is  made  for  the 
population  distribution  in  the  seventh  replication.    However,  unless 
the  first-brood  control  shown  by  the  reduced  nicotine  treatments  (9, 
10,  12  and  lU)  was  improved  by  using  more  nicotine  bentonite  in  at 
least  the  first  two  sprays  these  formulas  might  fail  in  larg^>  scale 
use. 
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It  is  of  parti etilar  Intereit  to  not«  that  ntiBb«r  9*  with  one 
half  as  Bach  nleotiae  hontonlte  in  firet-brood  sprays  as  7  and 
3/^  as  Bueh  later,  proTsd  sq^ial  to  the  faetoryoproeessed  naterial 
yet  its  cost  averaged  $1.13  per  tree  less.    The  cost  of  treatnent 
7  was  $0.3^  per  tree  less  than  that  of  k  (costs  hated  on  ceiling 
prices).    Inclusion  of  ferric  disethyl  dithiocarhfl^ate  in  the 
tank-Bix  Mississippi  hentonite  foranala  apparently  rediiced  its 
effectireness  to  the  lerel  of  the  old  doming  hentonite,  nicotine 
sulfate,  soybean  oil  mixture. 

She  deposit  building  mixtures  (10  and  12)  require  further 
study.    Their  performance  vas  some^diat  erratic  from  spray  to 
spray  because  the  order  and  method  of  mixing  vas  varied  several 
times  in  attaints  to  isproTe  performance.    Best  results  were  ob- 
tained when  the  soybean  phosphatides  were  stirred  into  the  oil 
rather  than  into  a  water  slurry  and  when  the  sine  sulfate  was 
added  last  to  the  full  tank. 

Partly  because  seasonal  conditions  were  unfarorable  to  lead 
arsenate,  treatments  1,  2  and  3  gave  very  poor  results.  However, 
the  addition  of  the  soybean  phosphatide  spreader  to  the  standard 
lead  mrsenate-bordeaux  treatment  resulted  in  an  increased  profit 
of  approximately  $1.50  per  tree  after  deducting  the  extra  cost. 
This  formula  resulted  in  a  very  smooth  even  film  and  avoided  the 
uneven  coloring  on  Kome  Beauty  caused  by  the  standard  treatment. 

She  cover  spray  materials  used  on  plot  1  cost  $1,20  per  tree 
while  these  on  plot  7  ^09t  $2*^3*    Since  the  average  yield  on  these 
plots  was  more  tlian  20  bushels  per  tree  the  cost  of  washing  the 
lead  arsenate  sprayed  fruit  used  -op  most  of  the  saving.    The  net 
gain  la  profit  (September  prices)  realized  from  the  use  of  treat- 
ment 7  in  comparison  with  treatment  1  amounted  to  not  less  than 
♦5»00  per  tree, 

▲  moderate  amount  of  arsenical  injury  developed  on  the  three 
lead  arsenate  plots,  and  the  leaf  hopper  population  was  much  greater 
than  where  nicotine  was  used,  however,  the  weak  bordeaux  and  pheno- 
thiazine  effectively  prevented  late  scab  infection  on  foliage. 
Much  of  this  developed  on  all  the  nicotine  plots  except  that  which 
had  received  ferric  dimethyl  dithlocarbamate  (8).    Tory  little 
developed  on  the  fruit. 

Objectionable  bentonite  residues  remained  on  fruit  from  plot  ^ 
after  brushing.    That  from  all  other  nicotine  plots  was  easily  re- 
moved, by  the  brush  machine,  however,  the  ferric  dimethyl  dithio- 
carbamate  resulted  in  a  deeper  green  ground  color  but  had  no  effect 
on  the  red.    The  foliage  on  those  nicotine  plots  on  which  zinc  sul* 
fate  was  used  (9*  10  and  12)  developed  a  paler  green  and  color  de- 
velopment on  the  fruit  was  somewhat  retarded. 
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TtkB  Misflitsippi  'bantonita  ZIIO,  niootla*,  aiaeral  oil  fonrola 
vat  used  tuceassfally  la  19^3  on  Uockt  of  10  to      aerog  by  tOTeral 
gro^nrn  who  had  not  haon  ^tting  satltfaotory  raiulta  with  load  a^ 
flonato.    ▲  ^3  aero  block  near  Hondaroon,  Keatuelgr  la  idileh  it  was 
asod  producod  90-*93  pdreont  clean  fruit.    The  foranla  vill  he  used 
exteasiTolj  hj  growers  in  194^. 


torley: 

Ihe  results  of  tests  oa  this  Tariety  are  ^rea  la  tahle 
This  is  aa  apple  of  the  Wiaesap  group,  its  lise  aToragiag  $0  per- 
eeat  greater  thaa  that  of  Borne  Beaut j.    Possibly  heoaase  of  its 
sise  aad  geaerally  saaller  auaher  of  apples  per  tree  aloag  with 
its  earlier  ripeaiag  date  (hetweea  Joaathaa  and  Boae  Beauty)  it 
is  rery  difficult  to  protect  agaiast  third*hrood  larrae.    la  these 
experiaeats  the  fiaal  worn  popolatioa  ranged  froa  13  to  30  tiaes 
greater  thaa  it  was  oa  Juae  JO  despite  the  applicatioa  of  3  ipraye 
totalliag  130  galloas  per  tree  ia  July  aad  Aagust. 

These  treataeats  rank  ia  effeetireaess  ia  the  order  of  their 
listiag.    The  results  irith  the  split  schedule  (13)  of  a  ICjroalag 
hentoaite  tank  aiz  ia  which  aaybeaa  phosphatides  «ere  used  with  a 
rav  aiaeral  oil  ia  the  first  brood  period  folloired  by  a  Mississippi 
beatoaite-nicotiae  foranla  ia  which  a  hearier  aad  ^019  raw  ell  was 
used  were  outstanding.    The  risible  harrest  residues  were  reaoved 
satisfactorily  by  bruahiag  but  the  fruit  was  left  slif^tly  greasy* 

Plots  16,  17 »  and  IS  were  set  up  to  ooi^are  the  effectiToaess 
of  a  raw  aiaeral  oil»  soybeaa  oil,  aad  aa  ea^si^  type  suaaer  oil 
whea  used  with  the  Paather  Creek  beatoaite  aad  aiootiae*    The  raw 
aiaeral  oil  at  2  t^utrts  per  100  galloas  was  defiaitely  s«^rior  to 
soybeaa  oil  at  1  qioart  aad  the  suaaer  oil  at  2  foarts  of  the  three, 
however,  the  soybean  oil  gare  the  least  spotted  type  of  eorerage. 

Is  ia  proTious  years  wheii  other  aiootiae  beatoaite  fomlas 
were  used  with  or  after  lead  arseaate  the  results  proired  to  be  but 
little  better  thaa  obtained  with  the  full  lead  arseaate  prograa  of 
aiootiae  beatoaite.    This  will  be  seea  by  eoapariag  plots  IS,  19* 
aad  20* 
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9Rbl«        Bacoltt  of  ftMll  Plot  Yiold  Toitt  oa  TurX^y.    Tiaoonnot,  ladiaaa. 

 19^3  

Irora^  9«r  Soatonal  Data  jjj 

CoT«r         Maiarialt  par  100     traa  Jaaa         A^lat     Olaaa  Par  100  Applag 
Plat  iprajiy  gdloat  y^"**  fltia^a  par  traa  ioplaa  Woraa  Stiag« 

(loj    (»a7)     fSorj        (U      do.)  (loV) 

13      1       1  pt.Ilc.»3  i>*Ktac, 
3  8. 
2       1  pt.Iio.,3  l>.m,  1 

301  oil,  8  oi«  80P  6       26       2,063       89.0       6.6  9*6 

yk      1  pt.Iic,,5  U.IW. 

2  tt*301  oil, 8  0S.8CP 
5-9      2/3  pt.lio..5  1>»*P0. 

 2  at.  m  oil  „^  

16  1        1  pt«Hie.,8  Ib.PC, 

3  lb.  8. 

2        1  pt.Iio.,8  Ib.PO, 

1  qt.  301  oil  7        27        1,630        87.3        9.8  i*.6 
3^J^      1  pt.»lc.,8  Ib.PC, 

2  4t.  301  oil 

5-9      2/3  pt.Hie..5  l^.PC. 
 2  at.  301  oil  

17  1        1  pt.Iio.,8  Ib.PO, 

3  lb.  8. 

2J»      1  pt.Iio.,8  Ib.PO,  16        61        2.277        76.8       20.2  8.6 

1  q%.80 
5-9      2/3  pt.Iie.,5  lb.PO, 

  1  %h  go  .  

18  1        1  pt.Nio.,8  lb.PC,3  11>.8. 

2       1  pt.Xie.,8  Ib.PO, 

1  qt.  NO  26        39        2,108        76.6      19*6  8.3 
yh      1  pi.Iio.,8  Ib.PO, 

2  qt.  NO 

5-9      2/3  Pt.lio.,5  1^.P0. 


19  1 

^  lb.hk,h  lb.li.,3  lb. 

8.,U  OS.  8f 

2 

k  Ib.XJl,  Bdz.  ,1  qt.NO  17 

60 

1.876 

^3.8       23.3  29.7 

2  lb.Ii4,2  4t.N0,2/3  pt. 
Vie., 5  lb.P0,8  ot.18. 

5-9 

2/3  pt.Via.,5  Ib.PO, 
2  at.  NO. 

ftible  (Contintied) 


▲reraga  par  SaatoiiAl  BataS/ 

CoTer         Matarlalf  per  100     tree  Jmie  25  ipplee     Clean  Per  100  Applee 

Plot  iprajril/  galloni  Wome  Stinge  per  tree   ipplee   Worae  8tliu:e 

(Ho.)    (Io7)  do.)        (JT      do.)  (Ho?) 

20       1        1^  Ib.Li.H  lb.Li.,3  U. 
8   ^  0B«  ST t 

2        n'ib.LliBixi.l  4t.N0.      21        75  2.038        6l.3       3O.7  ^8.8 
3^       k  lb.Ll,Bdz.,2  qt.NO. 
5-8       3  Ib.Ll.Bdx. 
 9         2  Ib.Ll.Bdx.  


Least  lignif leant  difference, 

odde  19:1                                     21       ^3          73^        9*^  13.2  3if.2 

1/    Oorer  eprayt  were  applied  on  5/21,  28.  6/7,  6/16.  7/3,  16,  8/3,  17  and  30. 
2/    Bepresentlag  all  dropi  and  pleke. 


Test  of  PhenoxatMin  on  Hoae  Beanty  and  Torley; 

Tvo  of  the  Turley  trees  adjacent  to  each  other  and  2  nearhy 
Boae  Beanty  trees  were  too  saall  to  include  in  the  regular  ezperi- 
aents.    One  of  each  Tarlety  was  therefore  sprayed  the  sane  as  plot 
20  vlth  the  standard  lead  arsenate  prograa.    She  other  tvo  vere 
sprayed  on  the  sane  dates  with  8  pounds  of  a  y>i^  Phenozathiin^ 
pyrophyllite  alxture  per  100  gallons,    the  results  follow: 

Lead  Arsenate  Pheaoaathiin 

HuBher  of  apples  per  tree     1*300  1,000 

Percent  clean  i^les   63  25 

Hnaher  of  woras  per  100  apples   2d  ikk 

HuBber  of  stings  per  100  iqsples   HO  18 


Alaost  the  entire  infestation  on  the  Tnrley  tree  sprayed  with 

fenozathlin  dereloped  after  June  28.    On  that  date  there  were  only 
injuries  per  100  aggies.    By  iagust  6  the  injuries  (aostly  woras) 
had  increased  to  13^  and  by  harrest  to  178. 

Indications  were  that  the  aaterial  acted  partly  as  a  repellent 
to  aoths  early  in  the  season  but  thereafter  during  the  hot  weather 
it  did  not  reaain  long  enou^  to  be  of  any  Talue. 
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In  the  teitt  ob  iPurlfar  the  Panther  Creek  Miteieelppl  hentonite 
vat  used.    Jl9  a  test  of  the  use  of  soTbean  oil  with  the  HIO  Missis- 
sippi hentoalte  la  coaparlson  vlth  lead  arsenate  under  a  rery  heaTj 
Infestation  near  an  unsealed  packing  house,  20  aature  Ben  Oarls 
trees  ire?e  arranged  In  pairs,  one  of  eaoh  being  sprayed  vlth  the 
standard  lead  arsenate-hordeaux-oll  prograa  and  the  other  the  saae 
as  plot  17 >  table      except  for  the  brand  of  bentonlte  used.  Ihe 
results  vere  as  follovs: 

Lead  m-Ilc. 
Arsenate     XllO  bent., 
Bdx.  MO.      soybean  oil 

Tlrst  brood  Injuries  per  tree  (June  29)  

Kcnber  of  voms   10^  70 

Voaber  of  stings   661  327 


Voaber  of  apples  per  tree   1,711  1»593 

Percent  clean  apples  (^diole  crop)                           ^2*1  67^7 

Percent  clean  apples  (picked  fruit)                        37.3  67*2 

Injuries  per  100  apples  (idiole  crop)   

limber  of  voms                                            56«6  22.2 

Roaber  of  stings                                         111.0  26,^ 


Percent  vor^r  apples  harlng  calyx  entrances  6,3  30 »1 


Differences  In  the  perforaance  of  the  XL10->  soybean  oil  fonmla 
and  lead  arsenate  vere  moh  greater  than  betveen  the  Panther  Creek- 
soybean  oil  (17)  and  lead  arsenate  (20)  on  the  furley  variety  despite 
the  use  of  I/2  percent  oil  vlth  the  lead  arsenate  In  the  fifth  coTor 
en  Ben  Barls  and  the  use  of  an  extra  pound  of  lead  arsenate  In  the 
fifth  and  ninth  coTors.    The  fifth  corer  vas  applied  June  zk  at  the 
peak  of  hatch  follovlag  heavy  energence  froa  the  shed,    light  of 
the  10  trees  In  the  lead  arsenate  plot  vere  also  given  an  extra 
lead  arsenate  curcullo  spray  7         after  petal  fall.    This  vas 
oaltted  from  8  of  the  trees  In  the  nicotine  plot. 


Wlnesap 

Vear  the  peak  of  second-brood  hatch,  saall  plot  field  tests 
vere  started  In  a  vell-sprayed  coaaerdal  orchard  vhere  the  grover*s 
lead  arsenate  prograa  had  failed  to  give  satisfactory  control  In 
previous  years  and  vas  again  falling.    In  spite  of  the  application 
by  ald>July  of  6  coaplete  cover  and  2  top-off  sprays  vlth  3*2  to  k 
pounds  of  lead  arsenate  per  100  gallons  siqypleBented  vlth  nicotine 
sulfate  and  vlth  alneral  oil  In  eeveral  of  the  covers,  ^,000  apples 
exaalned  on  20  aature  Wlnesap  trees  en  July  21  averaged  13  vora  en- 
trances and  3^^  stings  per  100. 


-  27  - 


Five  plote  were  arrejiged  In  a  restricted  randomization  with 
k  single-tree  replicates  in  each.    All  drops  were  removed  on  July 
21,  and  the  experimental  sprays  were  applied  on  July  22,  August  12, 
and  28,    The  treatments  and  results  are  given  in  tahle  5»  Drops 
which  fell  after  July  21  are  included. 

The  average  crop  per  tree  was  from  2,870  to  ^tlSO  apples  in 
the  different  plots.    At  harvest  on  Octoher  2,  from  kO  to  UU  per- 
cent of  the  crop  had  dropped  in  the  lead  arsenate  and  nicotine  plots 
but  only  25  to  32  percent  in  the  DDT  plots.    Not  only  did  the  DDT  at 
I-I/2  pounds  (plot  5)  completely  stop  worm  entrances,  but  there  were 
no  new  stings  at  harvest  and  less  than  3  percent  of  the  picked  fruit 
was  wormy.    The  presence  of  many  hatched  eggs  on  fruit  in  this  plot 
is  evidence  that  the  complete  control  of  worm  entrances  did  not  re- 
sult from  the  avoidance  by  ovipositing  moths  of  trees  sprayed  with 
DDT.    Mfimy  new  injuries  were  observed  on  the  lead  arsenate  and  nic- 
otine plots  and  25  percent  of  the  picked  fruit  on  plot  3  contained 
successful  worm  entremces,  in  spite  of  adequate  coverages  as  shown 
by  analyses  made  by  the  Division  of  Insecticide  Investigations. 


Table  5.    Results  of  Small-Plot  Jield  Tests  with  DDT«  Lead  Arsenate, 
and  Nicotine  Bentonite.    Vincennes,  Indiana.  19^3 

Percent    Number  per  100    Percent  increase 
Plot  Treatment  Clean  Apples  in  Worm  entrances 

No.  (Qjoantities  per  100  gallons)      Apples    Vorms      Stings       After  July  21 


1 

Tank-mix  nicotine  bentonitei/ 

23 

107 

81 

66U 

2 

Lead  arsenate,  3  I^*^ 
August  28  epray  omitted 

26 

109 

96 

623 

3 

Same  as  2,  except  Aug.  28 
spray  included 

31 

85 

lou 

^35 

k 

DDT.  .75  Ib.i/ 

5U 

31 

51 

103 

5 

DDT,  1.5  Ib.i/ 

59 

12 

56 

-21 

Least  significant  difference. 

Odds  19:1  21  62  hi 


1/    Nicotine  sulfate  (UO^),  0,67  pint;  Mississippi  bentonite,  5  soybean 
phosphatide  spreader.  2  oiinces. 

2/    With  copper  sulfate,  O.5  lb.,  lime,  1  lb. 

3/    Mixed  with  an  equal  qtiantity  of  Pyrophyllite. 


Experiments  with  Moth  Poisons 

Work  on  this  phase  of  codling  moth  control  has  been  conducted 
in  a  limited  way  for  seTsral  years.    In  detailed  feeding  experiments 
efiUPly  in  19^3*         feniale  moths  from  v^ich  water  was  withheld  de- 
posited only  189  ©ggs  while  IJS  which  had  access  to  water  laid 
2,077<»    Lack  of  water  proved  as  harmful  to  female  moths  as  their 
feeding  on  a  1-800  nicotine  sulfate  solution,  or  tank-mix  nicotine 
"bentonite.    Unpoisoned  moths  consumed  the  equivalent  of  their  body 
weight  {2k  mg.)  of  distilled  water  duriiig  their  average  life  span 
of  13  days.    Of  various  dilutions  of  nicotine  sulfate  and  water, 
1-1200  or  even  I-I600  mixtures  ai>peared  sufficiently  toxic  for  us© 
in  field  tests.    Experiments  with  various  supplements  such  as  acetic 
acid,  certain  essential  oils  used  in  baits »  or  sugar  gave  erratic  re- 
sults and  proved  that  certain  factors  not  yet  discovered  have  a  very 
strong  influence  on  the  response  of  moths  to  various  solutions.  Wet 
tank-mix  nicotine  bentonite  residues  from  which  the  soluble  nicotine 
had  been  removed  proved  highly  toxic  to  female  moths.    They  readily 
took  up  water  from  the  residues  and  after  regurgitating  and  rein- 
gesting  the  liquid  a  few  times  they  became  paralyzed.    In  so  far  as 
could  be  determined  they  consumed  no  solids.    Nicotine  bentonite 
residues  on  foliage  are  probably  more  toxic  to  moths  than  has  been 
heretofore  realised^ 

A  control  test  somewhat  similar  to  that  reported  in  19^2  was 
arranged  in  an  18  acre  Golden  Delicious  orchard,  8  rows  wide  and 
100  long.    This  orchard  was  sprayed  uniformly  by  the  grower,  who 
used  a  full  program  of  lead  arsenate  and  lime  with  mineral  oil  in 
certain  sprays. 

The  tests  were  carried  on  in  k  blocks,  each  8  x  20  rows. 
Immediately  after  sunset  on  32  days  during  the  season  a  1-200  solu- 
tion of  nicotine  sulfate  was  applied  as  a  coarse  spray  to  the  tops 
of  the  trees  in  second  and  fourth  blocks,  each  ^,6  acres,  the  others 
being  left  as  checks.    The  truck-mounted  sprayer  was  driven  at  suf- 
ficiently reduced  speed  so  that  two  rows  could  be  sprayed  from  the 
top  of  the  tank  by  one  sprayman  who  applied  approximately  2/3  to  3/^ 
gallon  per  tree. 

The  spraying  was  completed  within  a  20  minute  period  before 
moth  activity  reached  its  peak  and  late  enough  to  prevent  evapora- 
tion of  the  droplets  before  the  moths  could  feed. 

Infestation  data  were  secured  by  examining  stratified  samples 
of  200  apples  on  each  of  8  well  distributed  trees  in  each  block. 
An  unsealed  packing  shed  was  located  at  the  Junction  of  the  second 
(treated)  and  the  third  (untreated)  blocks.    Prevailing  winds  blew 
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aero 88  the  short  diaoenflion  of  the  orchard.    ObeerTations  late  in  Jime 
at  the  peak  of  hatch  (for  larvae  from  packing  shed  soths)  indicated 
that  the  moths  from  the  shed  spread  out  across  the  treated  and  untreated 
hlocks  adjoining  it  into  the  treated  and  untreated  replicates  21  to  Uo 
rows  beyond  vith  more  moving  to  the  southeast  into  adjacent  treated 
block  than  to  the  northwest.    Che  initial  population  as  indicated  by 
10  traps  in  eetch  block  appeared  equal  prior  to  Hay  20.    SleTen  appli- 
cations were  made  between  May  1?  and  June  2»  12  between  July  1^>  and 
August  6,  and  9  between  August  11  and  ^1,    Other  work  prevented  the 
application  of  sprays  in  June  during  the  heavy  emergence  from  the 
shed.    Hhile  it  was  occurring  trap  catches  in  the  adjacent  treated 
replicate  were  20  percent  greater  than  in  the  adjacent  untreated. 
Again  in  September  the  moth  population  leveled  off  and  September 
catches  were  equal. 


 Infestation  data  follow:  

Voras  and  8tiB#;s  per  100  apples 

Percentage 

Date  of  Clean  cqpples     Humber      Number  difference 


Xxamination 

Treatment 

Percent 

Voras 

injuries 

in  injuries 

July  5 

Check 

66,1 

13 

68 

Sprayed 

76.6 

9 

-3H 

July  31 

Cheek 

31 

Sprayed 

6o.il 

19 

86 

-37 

Sept.  9 

Cheek 

20.7 

120 

31^ 

Sprayed 

37.8 

65 

182 

-42 

^e  eost  per  tree  for  all  materials  and  labor  (60^  per  hour)  was 
less  than  30^.    !Che  average  yield  exceeded  10  bushels  of  picked  fruit. 
At  a  price  differential  of  $1»50  per  bushelf  for  clean  and  wormy  fruit 
the  sprays  yielded  a  net  gain  of  more  than  $2*00  per  tree  despite  the 
adverse  conditions  under  which  the  experiments  were  operated. 

Seasons  for  the  slow  increase  in  the  differences  between  the 
treatments  after  July  3  ^^^e  (l)  the  grower  had  a  large  crew  work  2 
weeks  in  July  and  again  2  weeks  in  August  removing  worsQr  apples 
thr cutout  the  orchard  (2)  as  the  infestation  neared  the  saturation 
point  in  the  untreated  area  movement  of  moths  into  the  treated  area 
increased  (3)  the  nicotine  spray  may  have  attracted  moths  into  the 
treated  areas  and        drop  fruit  could  not  be  included  in  the  examina- 
tions yet  "worminess"  was  the  main  faetor  responsible  for  the  drop 
idiieh  occurred  prior  to  September  9*  catches  differed  most 

between  the  blocks  during  the  periods  i^en  these  nicotine  sulfate 


-  30  - 

sprays  vers  applied.    She  average  niuobsrs  of  moths  eaptiu'ed  per  trap, 
vith  20  traps  per  treatment,  are  shown  helov  for  different  parts  of 
the  season. 


Nay  20 

Hay  a- 
June  6 

June  7- 
July  Ik. 

July  15- 
Aug.  30. 

Aug.  31- 
Sept.  28. 

Check 

12.1 

20.6 

150.5 

103.7 

Sprayed 

13*0 

23.2 

2H.5 

80.8 

lOi^.l 

No*  of  dusk  sprays  applied 

1 

12 

0 

0 

One  tree  In  each  block  was  fiu&lgated  I5  times  during  the  season. 
The  total  number  of  moths  knocked  down  on  canrases  areraged  56  per  tree 
for  the  sprayed  and  II7  for  the  check  blocks.    Male  moths  outnumbered 
females  by  ^6  percent  in  the  sprayed  area  and  11  percent  in  the  un- 
sprayed  area. 

The  effects  of  the  sprays  were  checked  on  3  occasions  by  spread- 
ing canrases  under  the  trees  and  collecting  the  poisoned  moths  during 
the  hour  following  the  application  and  again  early  next  morning.  The 
trees  were  then  fumigated  and  the  remaining  moths  obtained.    The  re- 
cords follow: 


Date 

Ho.  trees  used 

Ho.  moths 
downed  by 
sprays 

Ho.  moths 
downed  by 

fumigation 

Percent  of  moth 
population  killed 
by  sprays 

n 

00 

n 

July  20 
Aug.  20 
Aog.  26 

5 
5 
3 

0 
7 
3 

7 

29 
9 

3 
20 

5 

3 

11 
2 

0 
26 
38 

70 
65 

82 

The  females  were  definitely  more  attracted  to  the  poison  spray 
than  the  males.    Some  loss  of  paralysed  or  dead  moths  to  ants,  spiders 
or  other  predators  undoubtedly  occurred  before  the  early  morning  col- 
lection.   Very  few  moths  came  down  during  the  hour  after  spraying  ex- 
cept on  August  20  when  11  of  the  36  were  taken  in  the  evening.  The 
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delftj  vae  'beliered  catLsad  "by  the  quiet  conditions  that  usnally  existed, 
there  helng  rery  little  leaf  aoreaent  to  dislodge  paral^rsed  moths  that 
did  not  fall  free.  By  cos^leting  the  count  in  the  norning,  aoths  that 
were  only  partially  paralyzed  were  giren  a  chance  to  recover  enough  to 
leare  the  canras.  Females  of  all  ages  were  poisoned  and  all  contained 
•ggs»  hut  their  average  egg  content  appeared  less  than  that  of  those 
taken  from  traps, 

Zhe  results  obtained  by  the  application  of  poison  sprays  at 
dusk  suggest  that  as  such  of  a  kill  can  be  obtained  in  this  matnner 
with  less  than  1  gallon  of  spray  per  tree  as  can  be  obtained  by 
spraying  during  the  day  with  20-30  gallons  of  nicotine  sulfate 
solution  intended  to  kill  by  contact,  jArticularly  if  the  latter 
sprays  axe  applied  in  a  manner  that  allows  some  moths  to  escape  to 
other  trees. 


Investigations  of  bait  traps 

▲  total  of  l6g  traps  were  operated  in  6  locations,  the  standard 
double  quart  jar  trap  being  used  in  most  of  the  tests.    Two  series  of 
kS  and  ^  traps  were  used  to  compare  the  relative  attractiveness  of 
different  baits*    Other  traps  were  used  for  timing  sprays,  for  ob- 
taining population  data  and  for  testing  the  attraction  of  the  sexes 
to  each  other. 

Attractiveness  of  males  or  females  to  the  opposite  sex 

Odd  numbered  traps  in  a  series  of  20,  rotated  twice  weekly 
through  20  trees,  were  baited  with  virgin  female  moths  in  addition 
to  the  standard  brown  sugar,  oil  of  sassafras,  sodium  arsenite 
formula  used  in  all  20.    de  ftaales  %rere  confined,  usually  in 
pairs,  in  1  X  1/2  inch  cylindrical  screen  cages  attached  in  an  up- 
right position  to  the  tops  of  the  y^meeh  screen  cover.    ▲  cork  in 
the  \Q)per  end  of  the  cages  provided  shade  for  the  moths,  which  were 
replaced  as  they  died. 

In  one  test  male  moths  were  definitely  attracted  into  the 
traps  because  of  the  presence  of  virgin  females  and  the  catch  of 
female  moths  was  also  increased.    ▲  second  test  later  in  the  season 
indicated  that  made*  are  also  attracted  to  females  that  have  mated 
but  to  a  lesser  extent  than  to  virgin  females.    Here  again  the  catch 
of  females  was  also  increased.    In  other  experiments  male  moths  did 
not  prove  attractive  to  females  nor  did  the  crushed  abdonsns  of  either 
sex  attract  the  other,    de  sex  attraction  of  the  females  to  males 
ceased  when  the  former  died.    Qie  results  raise  the  question  as  to 
the  influence  an  emergence  cage  in  an  orchard  may  have  on  the  sex 
ratio  of  the  native  population  at  various  distances  from  it  and  the 
effect  that  this  in  turn  may  have  on  the  fertility  of  eggs  deposited 
at  different  distances  from  the  cage.    An  emergence  cage  in  which 
1,230  moths  emerged  during  Kay  cuid  June  was  located  in  the  top  of  a 
tree  at  the  center  of  the  localised  heavy  infestation  adjacent  to 
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plot!  2  and  12  in  the  7^^  replication  of  the  small  plot  field  tests 
preTiously  discussed.    Althou^  yery  few  moths  escaped,  the  crop  on 
this  tree  was  cdmost  a  total  loss  and  that  on  adjacent  trees  was 
sererely  injured,  as  already  noted. 

Tests  of  different  haits 

In  a  series  of  ^  test  haits,  each  replicated  10  times,  Tarious 
mixtures  of  No.  13  soft  sugar  supplementad  with  apple  syrup  or  apple 
este2:8  were  all  less  than  ^0  percent  as  effectire  as  the  standard 
"bait  of  10  percent  No.  13  soft  sugar  in  water  plus  l/2  cc.  natural 
oil  of  sassafras  and  l/2  gm.  sodium  arsenite        quart.  Solutions 
containing  .01  to  .0^  percent  a^la  esters  (in  water)  failed  to 
capture  any  moths.    All  of  these  halts  except  the  stcmdard  were 
replaced  by  others  on  July  1.    One  gallon  wide  mouth  glass  Jars  with 
openings  1-1/2*'  larger  in  diameter  than  &e  standard  trap  were  tested 
as  halt  containers.    They  eaisght  only  ^7  percent  as  many  moths  as  the 
standard  double  quart  Jar  trap.    ▲  mixture  of  an  8  percent  sugar  solu- 
tion, and  2  percent  apple  syrup  with  2  to  U  gm.  sodixus  arsenite  per 
gallon  caught  an  average  of  277  noths  per  trap  as  coxflpared  to  U05  for 
the  standard  bait. 


BfLTSyiLUB,  KAEYLiHD 
Z.  H.  Siegler,  In  Charge 


The  eTaluating  of  indiyidual  compounds  and  mixtures  for  possible 
use  as  insecticides  against  newly  hatched  codling  moth  larrae  was  con- 
tinued in  the  laboratory  during  19^3  ^  means  of  the  apple  pltig  method, 
using  in  each  test  approximately  100  plugs  each  of  which  was  infested 
with  one  ready-to-batch  codling  moth  egg.    Foliage  tests  to  determine 
tolerance  were  also  conducted. 


Synthetic  Organic  Compounds 

Toxicity  tests  of  DDT 

The  most  promising  synthetic  organic  compound  tested  was  DDT. 
The  more  importauit  results  of  initial  toxicity  tests  (plugs  infested 
same  day  spray  was  applied)  of  DDT  alone  and  combined  with  certain 
fungicides  and  wetting  agents  are  giren  on  the  following  page. 
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Percentage 

Naterialt  per  100  gallons  aiyple  pl\^g« 
 Vorgy  Stung 

U  II).*                                                                 1  1 

3  1^.*                                                               1  3 

2  1^.*                                                               3  6 

1  It  l6  12 

1/2  lb  15  2 

l/k  1})  22  11 

2  lb.,  liae  gulfur  1  gal                                          20  2? 

2  lb.,  hydrated  lime  6  lb.,  vettable  sulfur  6  lb.,  ik  9 

2  lb.,  bentonite  8  lb                                                23  7 

2  lb.,  neutral  fish  oil  soap  l/U  lb                           7  21 

2  lb..  Bordeaux  (4-8-100)                                            2  7 


DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
DDT 


*  2  Tests. 


The  addition  of  liae  iulfur,  of  hydrated  liae  plus  vettable 
sulfur,  amd  of  bentonite  reduced  the  effectireness  of  DDT  as  did 
neutral  fish  oil  soap  but  to  a  lesser  extent.    Bordeaux  aixture, 
on  the  other  hand,  apparently  was  coiq^tible  with  DDT  froa  the 
st€uidpoint  of  toxicity. 

fortunately,  DDT  is  a  conparatiTely  non-volatile  coq^und,  and 
this  characteristic  vas  demonstrated  by  the  results  obtained  in  some 
residual  tests  in  idiich  apple  plugs  vere  infested  sereral  days  after 
application  of  the  insecticide.    Some  typical  results  are  shovn  below. 


Materials  per  100  gallons 


Kuaber  days 
froa  spraying 
to  infesting 


Percentage 
apple  plugs 
Wormy  Stung 


DDT  -  U  lb   5 

DDT  -  If  lb   6 

DDT  -  3  lb.   k 

DD9  -  3  lb.,  diglycol  stearate  2  os   k 

DDT  -  3  lb.,  pyrophyllite  6  lb   k 

DDT  -  3  lb.,  hydrated  liae  6  lb   6 

DDT  -  2  lb   6 


0 

5 
2 
1 

3 
k 

11 


3 
5 
0 
0 
0 
18 
2 


'  3k 


WT  i»  not  pure  2,2-Ms(pAraehlorophen7l)-l,l,l-trlohloro- 
•thane,  and,  in  order  to  deteralne  the  toxicity  of  ite  other  oo»- 
ponents,  fractions  were  prepared  by  the  DiTiiion  of  Insecticide 
Inyestigations.    Xhe  crystals  obtained  from  the  aether  liquor  of 
DDT  exhibited  considerable  toxicity. 

DDI  apparently  kills  codling  aoth  larrae  by  contact  action* 
In  Tiev  of  this  the  question  arose  as  to  whether  or  not  DDT  would 
be  effective  should  it  become  covered  with  dust  such  as  is  nor- 
mally deposited  on  the  host  plant  under  field  conditions.    An  ex- 
periment was  made  in  which  DDT  (2-100)  was  first  sprayed  on  the 
apple  plugs,  followed  by  6  applications  of  pyrophyllite  (S-100) 
each  spray  being  allowed  to  dry  between  successire  applications^ 
Despite  this  heavy  treatment  with  pyrophyllite  on  top  of  DDT 
there  mre  no  wormy  apple  plugs  and  only  3  percent  were  stung. 
This  experiment  does  not  establish  the  method  of  kill  since  mor- 
tality could  have  occurred  solely  through  contact  action  as  the 
larvae  mechanically  disturbed  the  spray  material  or  partly  by  con*- 
tact  effect  combined  with  stomach-poison  action.    Althoisgh  it  does 
not  seem  so  probable,  some  larvae  may  have  died  as  a  result  of 
stomach-poison  action  alone. 


Action  of  DDT  on  newly  hatched  codling  moth  larvae. 

To  determine  the  effect  of  DDT  on  newly  hatched  codling  moth 
larvae,  glass  plates  were  sprayed  with  the  insecticide  at  a  dosage 
of  2  pounds  per  100  gallons,    for  comparative  purposes  glass  plates 
also  were  sprayed  with  lead  arsenate  (^100)  and  unsprayed  plates 
were  used  for  checks.    After  the  spray  had  thoroughly  dried,  larvae 
were  transferred  to  the  plates  and  after  being  eiposed  to  contact 
with  DDT  for  periods  of  from  1  to  1^  minutes  they  were  transferred 
to  apple  plugs.    The  results  of  these  tests t  which  are  given  on  the 
next  page,  show  that  DDT  is  very  effective  in  destroying  newly- 
hatched  larvae  exposed  under  such  conditions. 
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Hufflber 

Sxposure 

NuBher 

Average 

Spray  Materials 

of 

tii&e  in 

of 

percentage 

besvs 

Binubes 

xarrae 

Sumvaxs 

DDT 

15 

60 

0 

Lead  areenate 

3 

15 

60 

77 

Check 

3 

15 

58 

71 

DDT 

10 

20 

0 

Lead  arsenate 

3 

10 

19 

\z 

Cheek 

10 

9 

22 

DDT 

\ 
J 

5 

15 

0 

Lead  arsenate 

3 

5 

15 

80 

Check 

2 

5 

10 

SO 

DDT 

2 

2 

20 

10 

Lead  cursenate 

2 

2 

20 

»*5 

Check 

2 

2 

19 

5S 

DDT 

1 

SO 

0 

Lead  arsenate 

2 

1 

20 

Check 

2 

1 

19 

58 

In  another  series  of  tests,  glass  plates  vere  sprayed  with  DDT 
alone  (2-100),  and  also  with  DDT  (2-100)  followed  hy  6  applications 
of  pyrophyllite  (S-100).    Between  the  application  of  DDT  and  snccessire 
applications  of  pyrophyllite  the  sprays  were  allowed  to  dry.    The  re- 
sults show  that  DDT  was  rery  effectiTe  against  newly  hatched  larrae 
exposed  for  30  minutes  in  spite  of  the  coating  of  pyrophyllite.  It 
is  heliered  that  the  crawling  of  the  larvae  on  the  sprayed  surface 
disttirbed  the  coating  sufficiently  to  permit  bodily  contact  with  the 
DDT. 


Somber 

Isposure 

lumber 

Average 

Spray  Katerials 

of 

time  in 

of 

percentage 

tests 

minutes 

larvae 

survivals 

DDT 

1 

30 

50 

0 

DDT  covered  with 

pyrophyllite 

1 

30 

50 

2 

SDT 

2 

15 

24 

0 

DDT  covered  with 

pyrophyllite 

2 

X5 

25 

0 
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Th9  resTxlts  of  a  few  preliminary  tests  Indicate  that  under 
certain  conditions  DDT  aay  possess  ovlcldal  value. 

The  re8u3  fcs  of  United  tests  In  idilch  newly  emerged  codling 
moth  adults  were  confined  In  small  paraffin-paper  cages  which  had 
been  sprayed  with  DDT  (2-100)  Indicate  that  It  Is  someiAiat  effective 
against  codling  moth  adults  under  these  conditions  of  confinement. 
Its  action,  however,  did  not  appear  to  b©  rapid.    As  shown  by  the 
detailed  data  given  below  egg  deposition  occurred  In  some  of  the 
check  cages  but  none  In  those  sprayed  with  DDT. 


Cage 


1 
2 


1 
2 


Sprayed  with  DDT 
Do 
Do 
Do 
Do 

Unsprayed  cheek 
Do 
Do 
Do 
Do 


Mortality  after  confinement 
?irst  Second  Third  fourth  Fifth 
day       day     day     day  day 


2 
1 
0 
1 
0 

0 
0 
0 
0 
0 


Kumber  of 
laid 


3 
3 
3 

2 

3 

0 
0 
0 
0 
0 


k 
k 
k 
k 

5 

0 
0 
0 
0 
0 


k 
k 

5 
5 


0 
0 
0 
0 
0 


5 
5 


0 

0 
0 

1 
3 


0 
0 
0 
0 
0 

0 
0 

6 
62 
77 


Preliminary  laboratory  tests  with  potted  Delicious  apple  trees 
seemed  to  indicate  that  DDT,  especially  with  lifter  dosages  such  as 
might  be  employed  under  field  conditions,  would  not  injure  apple 
foliage. 

She  results  of  tmall-ecale  field  tests  with  sprays  of  DDT 
and  lead  arsenate  applied  during  May  against  foliage  of  apple, 
peach,  and  grape  are  shown  on  the  following  page. 
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lAvorieLLf  per  xva/  gsjixons 

Injury  to  foliage 
Boae  apple    Xlberta  peaoh 

5^     diluent  and  vetting  agent  95^ 

8 

lb. 

Hone 

Hone 

Bo 

20 

lb. 

Bo 

Bo 

Bo 

lb. 

Bo 

Bo 

Bo 

UO 

lb. 

Bo 

Bo 

ilO 

50 

Id* 

Bo 

Bo 

BBT  U  U..  pTTophylllte  \  lb.  (2  tests) 

Bo 

Slight  to  Boderatt 

BBT  3  lb. ,  Bordeaux  mixture  (U-S«100) 

Moderate 

BBI  3  lb.,  vettable  sulfor  6  lb., 

hydrated  liae  6  lb. 

lone 

Hone 

Lead  arsenate  \  lb.,  b/drated  liae  U  lb. 

Bo 

Moderate 

Lead  arsenate  U  lb.,  oaloiua  oxide  3 

Bo 

Serere 

BBT  l^  lb. 

Lead  arsenate  \  lb. 


Concord  grape 
Serere 
Hone 


The  aaount  of  vetting  agent  contained  in  the  first  aixture  tested 
is  apparently  too  great  for  satisfactory  use  against  the  codling  moth. 
The  run-off  vas  so  excessire  that  but  little  spray  material  remained  on 
the  foliage  eren  vhen  used  at  the  dosage  of  ^0  pounds  per  100  gallons. 


Tests  of  miscellaneous  synthetic  organic  compounds. 

The  follovlng  synthetic  organic  compounds  gave  unpromising 
results  in  riev  of  SJ  to  99  Percent  voray  apple  plugs: 


2-Hi tr odibensofuran 

Bibensofuraa 

Cyclohexylphthalate 

2»7arfuryl  acetate 

7-ni  tro-1 , 2 » 3 » U-t  etrahydrobenso- 
furan 

Beta^-nf^thoylaeetonitrile 

1 1 2, 3 ,  H-tetrahydrodibensofuraa 

Phenylph thalat  e 

Benioic  acid 

naphthalene 

0-  cy  cl  ohezylphenol 


5  •  6 1 7  •  S-te  trahydro-l-ni^thylamine 

H-  ( 2-bensoxasolyl )  aniline 

Tetrahydro-2  furfuryl  acetate 

l-Kaphthylamine 

Bromocyclohexmne 

Bromobenieae 

Beta^tetrahydronaphoylacetonitrile 
H-  ( 2-bensoxasolyl )  oyclohexylamine 
Tetralin 

Oyclohexane  carboxylic  acid 
0-phenylphenol 
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Several  tests  vith  phenothiasine,  used  at  the  rate  of  h 
potuids  per  100  gallons,  shoved  no  difference  in  toxicity  of 
material  aicronised  in  19^2  as  cospared  with  that  aicronised  in 
19^3*    Sa^lined  phenothiasine  shoved  greater  tozicitj  than  the 
regular  aicronised  product,  hut  there  vas  no  significant  differ- 
ence in  effectlTeness  hetveen  the  sublimed  material  and  the  suh- 
limed  material  micronised  and  used  vith  ^n  anti-oxidant  added. 


Larval  Teeding  Attractcmts 

ThB  Xastern  Bsgional  Besearch  Lahoratory  at  Philadelphia, 
Pennsylyania  submitted  apple  esters  to  he  tested  for  their  value 
as  possible  larval  attractants.    The  results  indicated  that  the 
esters  used  in  sprays  at  the  rate  of  3  percent  by  volume  in  vater 
plus  preservative  or  in  6  percent  ethanol  did  not  increase  the 
effectiveness  of  lead  arsenate  used  at  the  rate  of  k  pounds  per 
100  gallons. 


laturally  Occurrinjg  Organic  Compounds 

Xztractives  from  various  plant  materials  vere  tested  against 
nevly  hatched  larvae  at  dosages  equivalent  to  k  pounds  of  extrao<» 
tive  per  100  gallons,  the  usual  solvents  such  as  ethanol,  ether, 
petroleum  ether,  chloroform  and  combinations  of  these  being  used. 
The  three  most  toxic  extractives  vere: 

(1)  Ithanol  solution  of  petroleum  ether  and  ether  extrac- 
tives of  leaves  of  Amianthem«m  muscaetoxicum;  22  i>ercent 
vormy,  no  stings. 

(2)  Xthanol  solution  of  crude  alkaloid  of  Haplopbytoa 
oimicidumi    2S  percent  vormy,  10  percent  stung. 

(3)  Ithanol  solution  of  petroleum  ether  and  ether  e>» 
tract ives  of  stems  and  baxic  of  Willardia  mexicana;  ^3 
percent  vorqy,  no  stings. 
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Tests  vith  extractives  of  the  following  plants  restilted  in 
30  percent  or  more  woraj  apple  plugs: 


Barbae CO  shrub 

Piscidia  carthagenensis  bark 

Ameuiita  muscaria 

Asclepias  labriforais  stems 

Barbasco  roots 

Ococate  (Sugenia  sp})  leaves 
and  stems 

Bco'basco  leaves 

Bchinocystis  fabeicea  roots 

Barbasco  seed  (Jacquinia  spt ) 


Barbasco  stems 

Ohlorogalua  pomeridianum  roots 
Bgpatoriua  compo si ti folium 
Huaulus  lupulus 
Garcia  nutans  Hohr. 
Oircuta  gaculata 
Derris  scandens  roots 
Piscidia  carthagenensis 
Bgpatoriua  capellifoliua 


Inorganic  Compounds 

Tests  of  synthetic  cryolite  and  of  2  natural  cryolites  indicated 
that  at  dosages  giving  approximately  equal  percentages  of  sodium 
fluoaltuninate,  20-23  percent  wormy  cmd  20-3^  percent  stung  plugs 
resulted,  there  being  practically  no  difference  in  effectiveness 
of  the  3  aaterials. 

Hesults  of  tests  with  a  commercial  mn-of-the-mill  sample  of 
scorodite  (ndcronised)  containing  27  percent  arsenic  calculated  as 
▲s20^  showed  this  material  to  be  ineffective  against  newly-hatched 
larvae. 


POUGffiBBBPSIl,  KBW  YORK 

P.  J.  Chapman  and  J,  L,  Braan,  Jr.,  New  York  Agricultural 
Sxperiment  Station,  and  D.  W.  Hamilton,  Bureau  of  Sntomology 
and  Plant  Quarantine,  A^l cultural  Hesearch  Administration, 
U.  S,  Department  of  Agriculture 


These  Investigations  were  carried  on  Jointly  "by  the  Bureau  of 
Sntofflology  and  Plant  Quarantine  and  the  Ne^  York  Agricultural 
Esrperlment  Station  at  the  Hudson  Valley  Fruit  Investigations 
Laboratory,  Poughkeepsle,  N.  Y. 


Seasonal  Developments 

Sztreae  minimum  temperatures  during  the  winter  of  19^2-^3  caused 
severe  mortality  of  overwintering  codling  moth  larvae.    Of  3 •371 
larvae  overwintering  under  paper-hurlap  hands  In  orchards  scattered 
throughout  the  Hudson  River  Valley  82.3  percent  were  dead  as  com- 
pared to  average  mortality  of  less  than  20  percent  In  similar 
examinations  made  In  preceding  years.    In  general,  weather  conditions 
during  the  growing  season  were  extremely  favorable  for  codling  moth 
development,  since  temperatures  were  slightly  higher  than  average 
and  rainfall  helow  normal,  and  I9U3  was  the  worst  codling  moth 
year  experienced  since  1939* 

Codling  moth  development  started  later  in  the  season  than  usual 
due  to  low  spring  temperatures*    Pupation  began  May  7f  Bxidi  the  first 
moth  was  captured  In  bait  traps  Ms^  2^*    Larvae  began  entering  the 
fruit  at  Poughkeepsle  June  6  and  at  Klnderhook  June  12.    The  peak 
of  spring  brood  moth  captures  occurred  In  bait  traps  June  2  to  3» 
and  peaks  of.  first  brood  captures  occurred  July  22-August  2  and 
August  lU-13«.    Peak  larval  entrances,  as  determined  by  the  removal 
of  injured  apples  from  unsprayed  trees  at  7        intervals,  occurred 
for  the  first  brood  from  June  26  to  July  2,  and  for  the  second  brood 
froD  July  30  to  Aisgust  13«    Pupation  ceased  August  19  and  the  last 
moth  was  captured  In  bait  traps  September  29*    Activity  of  moths 
and  larvae  during  late  August  and  September  was  greater  than  usual 
so  that  late  Injury  was  severe.    Observations  Indicate  that  a  few 
second-brood  mo^is  may  have  emerged  in  this  locality  and  produced 
third-brood  larvt^. 


Tests  With  Insecticides 
(a)    Spray  Ixperlmcnts 

Randomlged  Plots:    JBl^^teen  spray  schedules  were  ooispared  on 
randomised  single  tree  plots,  replicated  k  times,  in  the  Klnderhook 
area.    The  trees  used  consisted  of  medium-sised  Mcintosh,  well 


pruned,  located  on  a  lerel  piece  of  grotind.    At  least  80  percent 
of  the  crop  had  teen  injured  "by  codling  aoth  in  19^2,  so  the  in- 
festation in  the  orchard  vets  known  to  be  one  of  the  heaviest  present 
in  the  Hudson  Hiver  Valltj  area,    Xach  plot  receired  earl7  season 
spragrs  consisting  of  a  calyx  and  a  eureulio  application,  each  con- 
taining 3  pounds  of  lead  arsenate  aod  1  pound  of  lias  per  100  gallons, 
and  a  special  scab  application  using  2  gallons  liquid  lioe-sulfur 
per  100  gallons.    Micronised  sulfur  was  included  in  the  caljrx,  axt" 
eulie,  axid  first  corer  applications  at  the  rate  of  6  pounds  per 
100  gallons,  on  all  plots* 

Generally  6  corer  sprays  were  applied  for  cddling  aoth  protectloa. 
The  first  U  were  timed  against  first-brood  worn  actirity  and  the  last  2 
against  second-brood  vora  attack.    The  dates  on  which  applications 
were  aade  and  the  amount  of  rainfall  occurring  between  applications 
is  ahovn  belov. 

Dates  of  Application  Hainfall  (indies) 

Calyx  -    May  25 

Curoulio        -    June  8 
Special  scab  -    June  12 
1st  corer      -    June  l6 
2nd  corer      -    June  2^ 
3rd  corer      -    July  6 
4th  corer      -    July  XJ 
3th  corer      -   August  3 
Dth  corer      •   August  17 
Harrest  date  -    September  11 

Jotal  10*77 


The  treatments  tested  and  the  results  obtained  are  shevn  in 
table  1,  grouped  so  that  schedules  using  similar  materials  may  be 
readily  compared. 
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5abl«  1.-  Codling  Moth  Spray  JBxperiaenti  -  N.T.S,  Orchard,  Kinderhook,  H,T.-1943 

Variety  -  McIntCiah 


Plots Got* I  Material  ei/ 

:ert  t      (Anotmta  per  100  gal.) 


T 


1  ;    0  :  Ho  intoctieidot 
Lead  Argenato 

^  11-2  SLA  3  lb.,  L  1  lb. 

i  t 

3  Jl-2  8LA  3  3L^..  I*  1  1^. 

:3-i*  JLA  3  lb.,  L  3  lb.,Pai  l/k  lb. 

k  tl-2  sLA  3  lb,,  L  1  lb. 

.3-6  jLA  3  lb.,  L  3  lb.,PSM  1/k  lb. 


Gryellt^ 


5 
6 

7 
8 

9 


1-2 
3-6 

1-2 

3-6 

1-2 

3-6 

1-2 
3-6 

1-2 
3-6 


S.ery.  3 

8. cry.  3  lb.,  PSM  l/i*  lb. 
H.cry.  3 

H.cry.  3  lb.,  PSK  l/k  lb. 

LA  3  lb.,  L  1  lb. 

S.cry.  3  lb.,  PSM  l/i^  lb. 

LA  3  1^..  2»  1  1^. 

723J  H.cry.  3  1^..  1*8M  l/^  lb. 

LA  3  lb. ,  LI  lb. 

S.ory.  3  lb.,  ST5  oH  1  qt. 

Spr.  19  ec. 


Phonothiagiaa 

10  tl-2  SLA  3  lb«,  L  1  lb. 
23-6  t^iA&o.  2  lb* 

it 

11  a-2  SLA  3  l^**  2>  1  1^* 

I    3  tPbRi«,  2  lb.,  Spr.  8  ei. 

s^S  iPh«io.  2  lb.,  bl.alb.  ^  01. 

I  t 

X2  sl<-2  tLA  3  Ib.r  L  1  lb. 

13-^6  tPbiOBO.  2  lb.,  Im.  2  <it.. 

t  s     bl.alb.  2  01. 


Apples 
per 
tree 


23^*9 
1678 

2802 


2988 
21^1 
2226 

2202 


2228 
2350 

2962 


20.5 

M*.2 

U9«2 

73.»* 


59.^ 

5^.0 

65.9 
6i^.9 
77.2 


95.1 
S7-5 

89a 


Number  per 
100  apples 


Wor 


msil/ 


81,8 

95.5 

52,6 

13.3 


38.5 

26.1 
28.3 

15-9 


2.6 
8.0 

6.8 


Stings 


27.3 

60.3 
28.1 


31.2 

39.3 
^.8 

29.0 
15.3 


3.2 
8.0 

6-7 


Harvest  # 
residues^ 
Or, per  .lb, 
frait2/ 


.023  AS 
.062  Fb 

•0^1  AS. 
.123  Pb. 


•066  P. 
.071*  T. 
.OSk  P. 
.058  P. 
.119  T. 


.067  P. 

.c^3 

.039  p. 
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Table  1  -  continued 


Plot 


Covers:  Materials^ 

:      (Amounts  per  100  gal.) 


Apples 
per 
tree 


Apples 
clean 
percent 


Number  per 
100  apples 


Worm 


Stings 


:Harvest  . 
residues^ 
Or .per  .lb, 

frultl/ 


13 


}  : 
Ilcotine 


1-2    JLA  3  lb.,  L  1  lb..  Spr.i*  oz. 
3,5-6  :!CB  1,5  lb.,  875  oil  2  qt.. 
Spr.  38  cc. 
k       :LA  3  lb.,  L  3  lb..  Spr. 6  ox. 


1% 


15 


16 


17 


1-2 

3.5-6 

k 

1-2 
3.5-6 
k 

1-2 

3-6 


1-2 

3-6 


1872 


71.6 


19.3 


25.2 


LA  3  lb.,  mo  1.5  pt. 
HTC  1.5  pt,.  875  oil  2  qt. 

LA  3  lb..  L  3  lb.,  Spr.6  oz.  t 

: 

LA  3  1^..  L  1  lb.,  HS  1  pt.,  X 

Spr.  U  OS.  : 

HS  1  pt..  875  oil  2  qt..  : 

Spr.  3S  oc.  : 

LA  3  lb. ,  Spr.  6  OS.  1 


2206 


78.2 


10.3 


21-5 


2953 


S3.5 


6.0 


15.7 


.019  AS, 
.0^^  Pb. 


.022  AS. 
.051  Pb. 


.019  AS. 
.Oi^  Pb. 


LA  3  lb. .  L  1  lb. 
HS  1/2  pt..  875  oil  2  qt., 
Spr.  3^  00. 

LA  3  lb.,  L  1  lb, 
HS  3A  pt..  Mitt. Bent. 5  lb«. 
Soj  Oil  1  qt. 


:  2292 


Thiocyanatt 


2^90 


68,0 


83.2 


25.8    :  2^.3 


9.0 


13.2  I 


18 


1-2  :LA  3  lb.,  L  1  lb..  TO  1  pt..  : 
I  Spr.  U9  CO.  : 
3,5-6  jTC  1  pt..  875  oil  2  qt.,  : 
:     Spr.  ^9  cc,  ; 

k       tLA  3  lb..  L  3  lb..  Spr.  6  01. s 


2235 


77.1 


17.8 


22.1 


.016  AS. 
:,038  Pb. 


1/  LA^lead  artenatt,  L»lime,  PSIFPovdered  tkia  silk,  S.cry.^tynthetie  cryolite, 
H. cry. "natural  cryolite.  Spr. -Proprietary  oil  toluble  spreader  principedly 
pthallo  glyceryl  alkyd  retln.  875  oil^tunmer  mineral  oil,  Bl.Alb.=blood  albumin 
Pheno.amicronlted  phenothiasine,  Keroaksrosene,  HB. "proprietary  nicotine 
bentonite  containing  1^  percent  nicotine,  HTC«proprietary  nicotine  thiocyanate 
containing  12  percent  nicotine,  HS«nicotine  tulfate.  Mi8S.3ent.sMittittippl 
bentonite.  TC«Proprletary  thiocyanate  containing  50  percent  beta  thiocyano 
ethyl  ettert  of  aliphatic  fatty  acids  areraglng  10  to  18  carbon  atoms  In  a 
petrolenm  distillate. 

2/  Lead  and  arsenic  analytet  by  Chealttry  Division.  Hew  York  State  Agricultural 
Sxperlment  Station.    Tltiorlne  and  i^henothlazlne  analyses  by  Insecticide 
Division,  U.  S.  Bureau  of  Sntomology  and  Plant  (Quarantine. 

i/  AS^arsenlc.  Pb^lead.  F«fluorine,  P»phenothlaslne. 

k/  Differences  required  for  significance  at  I9JI  odds  -  10.8. 


Plot  1  received  only  sulfur  fl^pllcatlons  for  scab  control  and 
no  insecticides,    Sighty  percent  of  the  fruit  was  injured  by  codling 
moth*    The  low  number  of  worms  and  stings,  as  compared  to  Plot  2, 
is  accounted  for  by  the  fact  that  all  injured  fruits  from  Plot  1 
were  removed  at  7        intervals  so  that  multiple  injuries  could  not 
accumulate  as  in  Plot  2. 

Lead  arsenate  Plots  2  to  h,  inclusive,  were  used  as  a  standard 
of  coBp/:'*lson  for  the  control  obtained  irith  other  insecticides  and 
combina^iw::i3.    Plot  2  was  included  so  that  the  control  obtained  with 
2  covers       lead  arsenate  could  be  compared  with  that  obtained  with 
split  schedules  using  lead  arsenate  in  the  first  2  covers.  Sis 
cover  sprays  of  lead  su:>8enate  had  73  percent  clean  fruit  at  harvest  and 
residues  that  exceeded  the  tolerance  for  arsenic  and  lead. 

Six  cover  sprays  of  either  synthetic  or  natural  cryolite.  Plots 
^  and  6,  failed  to  adequately  control  codling  moth  and  fluorine 
residues  at  harvest  greatly  exceeded  the  tolerance,    Sinersd  oil  used 
as  a  sticker  with  synthetic  cryolite  in  k  cover  sprays.  Plot  9* 
increased  control  by  building  up  heavier  deposits  of  cryolite  than 
in  Plot  7t  T^ot  result  in  outstanding  control.    The  results 

obtained  with  ai&tural  cryolitd  containing  J 2  percent  HA^AlFg,  compared 
favorably  with  the  coatroX  obtained  with  synthetic  cryolite  approxi- 
mating 87  percent  Ka-^A17^.    Differences  between  the  control  obtained 
with  synthetic  and  natural  cryolite  were  not  significant.    All  the 
cryolite  materials  tested  caused  severe  cracking  of  the  apples  and  a 
roughening  of  the  fruit  which  felt  somewhat  like  rxisset.    The  results 
of  these  tests  indicate  that  cryolite  is  unsatisfactory  for  use  In 
codling  moth  control  in  this  locality. 

The  codling  moth  contzvl  from  micronized  phenothiazine  used 
alone  (Plot  10)  was  outstandingly  better  than  that  obtained  on  any 
other  plot  or  with  other  materials  or  combinations.    Heavy  splotches 
of  visible  residue  were  present  on  the  harvested  fruit  which  left  an 
undesirable  finish  to  the  apples.    The  addition  of  2  quarts  of  kero« 
Bene  combined  with  2  ounces  of  blood  albumin  smoothed  out  the  cover 
and  left  less  visible  residue,  although  there  was  still  a  small 
amount  of  splotching,  especially  on  the  under  side  of  the  apples. 
Use  of  the  wetters  cuid  spreaders  reduced  the  initial  deposit  of 
phenothiazine  which  resulted  in  poorer  codling  moth  control.  However, 
the  control  obtained  on  Plots  11  and  12,  where  wetters  and  spreaders 
were  used  with  phenothiaains;  was  greater  than  that  obtained  with 
lead  arsenate  in  Plot  k  and  compared  favorably  with  the  best  nicotine 
schedules.  Plots  15  and  17*  sklthough  the  differences  were  not  signifi- 
cant.   Phenothiazine  deposits  on  the  fruit  and  the  rate  of  weathering 
following  the  last  cover  spray  are  shown  in  table  2.    The  figures 
gtirsn  are  the  means  of  k  samples  of  15  apples  for  eaxsh  analysis. 
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Table  2.-  Zffects  of  wettere  and  spreaders  on  phenothiazine  deposit 


I    Phenothiazine  in  ng.  per  ap-ple 


Plot:  .     Materials  per  100  gsdlons       lAug.  lb  i 

:( be  fore 
:  spraying)  I 

lAug.  17  ! 
: (after  ! 
\ spraying) ! 

:Ang.  271 

t Sept. 11 
! (harvest) 

10  1 

• 

Pheno.  2  lb.                                 i  O.69 

!.    1.37  ! 

\  1.31  < 

0.96 

11  s 

.Pheno.  2  It.,  Blood  sdbuiQin  2  oz.:  O.38 

:  : 

;  1.08 

!  0.72 

12  ! 

rPheno,  2  lb,.  Kerosene'  2  q.t.,        :  0,35 
i       Blood  altumin  2  oz.  ; 

:  1 

!  1.07 
1 

!  o.go 

k 

»  1 

1 

t  0,57 

» 
1 

\ 

1/  Analyses  by  Division  of  Insecticide  Investigations,  U.  S.  Bureau  of 
Entomology  and  Plant  Quarantine. 


Kicotine  sulfate  in  combination  with  lead  arsenate  as  used  in 
Plot  15  gave  the  best  control  cf  any  nicotine  schedules  tested.  This 
schedule  is  similar  to  that  recommended  for  commercial  control  of 
codling  moth  in  this  area,  although  the  amount  of  nicotine  sulfate 
included  in  the  lead  arsenate  applications  is  generally  reduced  to 
1/2  pint  per  100  gallons  and  cover  sprays  number  3        ^  omitted 
in  ligjbtcr  infestations  or  where  the  population  of  first- brood  codling 
moth  worms  was  very  substantially  reduced.    Light  to  moderate  burnizig 
of  the  leaves  due  to  the  application  of  oil  following  sulfur  occurred 
where  this  schedule  was  applied.    Plot  17*  using  the  standard  tank- 
mix  nicotine  bentonite  formula,  developed  by  L.  f.  Steiner  and  co- 
wer kers,  in  the  last  4  cover  sprays  was  the  second  most  efficient 
nicotine  schedole  tested,  but  visible  residues  of  bentonite  left  on 
the  fruit  at  harvest  were  heavy  and  objectionable.    A  sli^t  amount 
of  sulfur-oil  injury  was  also  present  on  the  leaves.    Plot  lU, 
treated  with  a  commercial  nicotine  thiopyanate  and  lead  arsenate, 
gave  moderate  control  of  codling  moth,  but  foliage  was  severely  in- 
jured by  the  sulfur-oil  complex.    This  material  is  unsafe  for  use  in 
combination  with  sulfur.    The  base  of  this  material  is  also  a  heavy 
sticker  as  deposits  of  lead  arsenate  on  the  fruit  at  harvest  were 
comparatively  heavier  than  those  on  other  plots  receiving  the  same 
dosages  of  lead  arsenate.    Plot  I6,  using  1/2  pint  of  nicotine  sulfate 
with  0*3  percent  oil  in  100  gallons  produced  only  68  percent  clean 
fruit,  althou^  in  former  years  this  schedule  has  adequately  protected 
the  fruit  from  codling  moth  injury.    Sulfur-oil  injury  was  present  on 
the  leaves  in  li|^t  to  moderate  amo\mts. 

Thiocyanate,  used  on  Plot  18  in  combination  with  lead  arsenate  in 
the  first  and  second  covers,  and  with  summer  oil  at  ovicidal  strength 
in  the  third,  fifth,  and  sixth  covers,  produced  about  the  same  amount 
of  clean  fruit  as  6  covers  of  lead  a^r senate  alone,  although  a  very 
smooth  film  type  of  deposit  was  laid  down.    Since  this  material  wa? 
used  -in  combination  with  lead  arsenate  and  oil  the  amount  of  control 
resulting  from  the  thiocyanate  could  not  be  determined,  but  it  seemed 
to  be  small.    Sulfur-oil  injury  on  the  leaves  wais  present  in  mcderate 
amounts. 
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Poliage  injury,  teginnlng  In  the  form  of  long  brown  €Lrea8 
adjacent  to  the  mid-ri'b  of  the  leayes,  was  noticed  on  Plot  ik  as 
early  as  June  23«    At  this  time  the  amount  present  was  not  important. 
By  July  6  the  injury  had  increased  on  Plot  ik  and  was  noticeable  on 
Plot  18.    By  July  l6  this  injury  could  be  noticed  on  about  two- thirds 
of  the  trees  in  the  entire  spray  block.    Careful  investigation  on  that 
date  showed  light  injury  in  Plots  9t        and  17,  light  to  moderate 
injury  in  Plots  13  and  13*  moderate  injury  in  Plot  18,  and  serere 
injury  in  Plot  ik.    This  injury  showed  up  wherever  oil  or  oil  base 
materials  had  been  used  in  the  spray  schedule  and  was  ths  most  serious 
in  instances  where  oil  base  materials  were  applied  in  combination 
with  sulfur,  edthough  some  injury  occurred  even  though  a  period  of  20 
days  elapsed  between  the  last  sulfur  application  and  the  first  oil 
application.    Heretofore  such  injury  has  not  occurred  in  schedules 
where  oil  followed  sulfur  after  a  period  of  20  days. 

First-Brood    Annihilation"  Sprays:    First-brood  "annihilation* 
or  "double  action"  schedules,  which  had  been  used  successfully  during 
the  past  three  seasons  for  codling  moth  control  in  small  isolated 
orchards,  were  applied  along  side  the  replicated  plot  experiments  on 
blocks  U-tree-rows  wide  and  11-tree-rows  long.    These  blocks  were 
practically  surrounded  by  trees  in  which  the  codling  moth  was  not  being 
effectively  controlled.    Migration  of  moths  from  these  trees  was  so 
great  that  the  annihilation  programs  were  ineffective.    While  infes- 
tation records  were  not  taken  at  the  end  of  first-brood  attack  ob- 
servations indicated  that  most  of  the  injury  occurred  during  second- 
brood  activity.    The  annihilation  schedule  reported  last  season  as 
producing  97*9  percent  clean  fruit  in  a  heavily  infested  isolated 
orchard  gave  only  7^*3  percent  clean  fruit  in  this  test.    The  other 
schedule  used  had  thioeyanate  substituted  in  place  of  nicotine  sul- 
fate and  nicotine  bentonite  resulted  in  only  ^3*1  percent  clean  fruit. 

In  insectary  tests  set  up  to  determine  the  effect  of  nicotine 
sulfate  on  adult  moths,  all  caged  moths  contacted  by  the  spray  at 
concentration's  as  low  as  1  to  3200  were  killed.    Similar  results  were 
secured  in  cages  placed  in  the  trees  in  the  orchard  prior  to  spraying 
with  the  concentration  of  1  to  l600  used  in  the  annihilation  schedule. 
However,  where  tests  were  arranged  either  in  the  insectary  or  field 
so  that  the  caged  moths  were  not  directly  contacted  but  were  held  in 
the  proximity  of  the  sprays  and  its  fumes  for  several  minutes  com- 
paratively small  numbers  were  killed.    Apparently  the  nicotine  re- 
leased in  the  annihilation  sprays  acts  as  a  contact  insecticide  and 
has  little  fumigating  value  against  the  adult  moths. 

Teats  with  thioeyanate  indicated  that  this  material  at  dosages 
of  1  to  800  had  little  effect  upon  caged  moths  contacted  by  the  spray. 

Apples  having  entries  less  than  2^  hours  old  were  dipped  in  so- 
lutions of  thioeyanate  1-800  and  nicotine  sulfate  I-I6OO  in  order 
to  determine  the  effect  of  the  annihilation  sprays  on  young  larvae 
that  had  already  entered  the  apples  at  the  time  of  spraying.  All 


-  "ty  - 


of  the  larvae  in  apples  dipped  In  thlocjranate  siirvlTed,  while  only 
kj  percent  of  those  In  apples  dipped  In  nicotine  sulfate  survived, 
and  93  percent  of  the  larvae  In  apples  dipped  In  water  survived. 

(h)    Bust-  Sxperlments 

o 

Sach  Of  five  ^different  dust  schedules  was  applied  to  a  row  of 
1^  trees  across  a  Mcintosh  orchard,  tbs  treatmsnts  being  separated 
from  each  other  ty  }  or  k  rows  of  trees  sprayed  with  the  grower's 
schedule.  The  codling  moth  control  obtained  with  each  dust  treat- 
ment was  compared  with  that  on  paired  trees  in  an  adjacent  sprayed 
row.  Infestation  records  were  also  taken  on  a  sprayed  row  separated 
from  all  dxisted  rows  by  3  sprayed  rows  in  order  to  be  certain  that 
the  data  obtained  from  the  sprayed  plots  were  unaffected  by  nearby 
dust  treatments. 

Jl  Niagara  cyclone  orchard  duster  was  used,  the  trees  being  dusted 
from  both  sides  during  each  fipplicatlon.    Sight  applications  of  dust 
were  made,    five  of  these  were  timed  for  control  of  first-brood 
codling  moth  worms  and  were  applied  at  approximately  7~^^  intervals. 
The  last  3  explications  were  timed  against  second-brood  worm  attack. 
The  most  satisfactory  time  of  de^  for  dusting  was^  found  to  be  Just 
after  daybreak.    At  this  time  of  day  the  foliage  was  usually  daa^, 
which  helped  stick  the  dust  to  the  trees,  and  wind  velocities  were 
at  a  minimum.    The  amount  of  material  used  for  a  medium  sised  tree 
at  each  application  varied  from  an  average  of  2.2  pounds  for  schedule 
1  to  3*3  pounds  for  schedule       although  it  was  Intended  that  dosages 
for  all  plots  should  average  2.3  pounds  per  tree.    The  dates  on  which 
dust  applications  were  made  and  the  amount  of  rainfall  occurring 
between  applications  follow. 

Dates  of  Dust  Applications        Rainfall  (inches)  1 
1st  cover     -  June  11 

2nd  cover     -  June  18  0.2^ 

3rd  cover     -  June  2^^  O.59 

kth  cover     -  July  2  1.17 

5th  cover     -  July  9     ,  1.12 

6th  cover     -  August  3  3 •58 
7th  cover     -  August  11 

8th  cover     -  August  I9  0.82 

Harvest  date-  September  I3  1.00 

Total  8.97 


The  spray  treatments  were  applied  by  the  grower  using  modern 
spray  equipment  with  single  noszle  g\ms  at  approximately  3^0  pounds 
pressure.    4PP^oximate ly  I5  gallons  of  spray  were  used  for  each  tree 
for  each  application.    Four  applications,  3  during  the  period  of 
first-brood  worm  activity  and  the  kth  during  the  period  of  second- 
brood  attack,  were  made  during  the  season.    Sprays  were  applied 
June  12-13,  23,  July  2,  and  August  10, 

Detailed  Information  on  the  spray  and  dost  schedules  tested 
and  the  results  obtained  are  given  in  table  3- 


T&tle  3»-  Comparison  of  various  dust  schedules  with  grower's  standard  spray 
 schedule  for  control  of  the  codling  moth,    Poughkeepsle,  y,Y.  19^3. 


Schedule 
Hunger 


OoTers 
Number 


Schedules 


Materials  and  proportions  used 


1 
2 


DUSTS 

Lead  arsenate  20^^  micronized  sulfur  80^ 

Lead  arsenate  20^,  nicotine  hentonite  20^,  micronized 

sulfur  60^ 
Same  as  schedule  1 

Lead  arsenate  20^,  nicotine  bentonite  10^,  lOO-viscosit/ 

oil  2^,  micronized  sulfur  68^ 
Same  as  schedule  3 

Lead  arsenate  20^,  nicotine  bentonite  20^,  lOO-yiscosity 

oil  2^.  lime  20$^,  micronized  sulfur  3856 
Same  as  schedule  3 

Lead  arsenate  20^,  lOO-viscosity  oil  2^,  micronized 
s\ilfur  78^ 

SPHAYS 

Lead  arsenate  3  1^**  nicotine  sulf&te  ^/S  lb.(*l/2  pt.), 

lime  3  lb.,  suJfur  8  lb. 
Nicotine  bentonite  3       *  eulfur  k  lb. 


1-8 

1»3.6,7 
1.3.6.7 
1.3.6,7 
1-8 


All  . 
schedxiles^'  1,2 

3.»^ 


Row  and  : 
Schedule : 
Number  t 

Treat- 
ment 

:  Apples  : 
:Per  Tree: 

•  • 

•  « 

Clean 
Fruit 

.'Injuries  per  tHesidue  at  harvest 
:  100  apples    :Per  pound  of  fruitl/: 
: Worms  : Stings:    Arsenic  :  Lead 

Cost 

Per 

Tree 

Number 

Percent 

Number 

Number 

Orain 

drain 

1 

Dust 

3100 

82.1* 

15.3 

9.5 

0.012 

0.027 

$1.57 

1-A 

Spray 

27^1 

86.2 

12.1 

8.0 

1.50 

2 

Dust 

357^ 

88.3 

7.9 

7.1 

0.017 

0.038 

2.73 

2-A 

Spray 

89.8 

7.^ 

6.2 

1.50 

3 

Dust 

3920 

89.8 

6.0 

7.0 

0.025 

0.055 

2.19 

3-A 

Spray 

3^9 

88.1* 

7.9 

7.0 

1.50 

k 

Dust 

1*239 

93.0 

l*.l* 

0.022 

0.051 

2.69 

U-A 

Spray 

hike 

90.8 

6.8 

5.3 

1.50 

5 

Dust 

1*312 

88.5 

8.2 

7.0 

0.022 

0.050 
« 

1.57 

Spray 

3870 

91.4 

5.6 

5.2 

1.50 

6 

Spray 

2730 

89.2 

7.0 

6.8 

0.005 

0.013 

1.50 

1/  Amounts  per  100  gallons  . 

2/  Analyses  by  Division  of  Chemistry,  New  York  State  Agricultural 
Sxperiment  Station. 
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The  lead  arienate  dust  schedule*  appeared  to  ^e  somewhat  less 
effectire  than  the  spraj  schedtiles  in  codling  moth  control,  in  spite 
of  the  fact  that  twice  as  mm.j  dust  applications  were  made.    The  ad- 
dition of  oil  increased  ths  adhesiveness  of  the  lead  aursenate  dusts. 
This  was  tnie  of  hoth  the  initial  deposits  and  of  the  deposits  de- 
termined after  periods  of  weathering.    There  was,  however,  little 
evidence  of  increased  control,  based  on  comparisons  with  that  in 
adjacent  sprayed  rows.    The  best  results  were  obtained  with  dusts 
to  which  nicotine  bentonite  had  been  added,  especially  that  used  in 
Plot  k,  which  included  in  five  of  the  applications  20  percent  of 
nicotine  bentonite,  2  percent  of  oil,  and  20  percent  of  liae,  in 
addition  to  the  lead  arsenate  and  sulfur.    The  lime  in  this  dust 
mixture  caused  a  rapid  release  of  part  of  the  nicotine  present,  which 
may  have  killed  a  number  of  adult  moths  ty  contact.    In  tests  con- 
ducted with  caged  moths  large  numbers  of  the  moths  were  killed  with 
this  dust  under  laboratory  conditions,  but  under  field  conditions 
smaller  numbers  were  killed.    Under  field  conditions  caged  moths 
placed  near  the  center  of  the  tree  so  that  they  were  protected  from 
the  direct  blast  of  the  duster  had  a  much  higher  percent  of  survival 
than  those  placed  where  they  were  unprotected  from  the  dust  stream. 
The  lime  also  changed  the  texture  of  the  dust  so  that  it  flowed  from 
the  duster  more  readily  and  deposited  a  smoother  cover. 

Residue  analyses  at  harvest  time  showed  that  apples  dusted  with 
schedules  3        ^  carried  sli^tly  more  leeui  than  the  present  toler- 
ance of  0.030  graizf  per  pound  of  fruit,    ixsenic  deposits  were  within 
tolerance.    It  is  believed  that  residues  left  on  the  apples  by  this 
schedule  would  generally  be  within  tolerance  after  the  fruit  had  been 
given  the  usual  handling. 

Micronized  s\ilfur  used  as  a  carrier  for  the  insecticides  in  the 
dusts  tested  and  as  a  fungicide  for  scab  control  caused  cheek  scedd 
on  a  small  percentage  of  the  fruit.    Where  oil  was  included  in  the 
schedule  the  percentage  of  cheek  scald  increased  slightly.  This 
injury  could  probably  be  avoided  by  using  a  carrier  ether  than  sulfur 
for  July  and  August  applications  when  scab  has  been  controlled 
earlier  in  the  season. 

The  cost  of  operating  the  duster  was  less  than  that  for  a  sprayer 
but  the  cost  of  materials  was  greater,  especially  when  nicotine  ben- 
tonite was  included  in  the  formula.    Since  dusts  weather  more  rapidly 
than  sprays  S  dusts  were  applied  during  the  period  the  grower  applied 
h  sprays.    Comparative  costs  for  the  dust  and  spray  schedules  used 
appear  in  the  table.    The  figures  include  the  cost  of  maintenance  and 
operation  of  the  duster  and  spray  rig  and  are  based  on  the  applica- 
tion of  3»000  gallons  of  spray  in  9  hours  for  3  the  dusting 
of  3  acres  of  orchard  in  1  hour  for  2  men.    Labor  was  figured  at  60 
cents  per  man  hour. 

While  the  codling  moth  control  obtained  with  the  better  dust 
schedules  compared  favorably  with  that  obtained  by  the  grower's  spray 
schedule  in  a  moderately  infested  codling  moth  orchard,  the  schedules 
used  were  entirely  experimental  and  are  not  recommended  for  general 
use. 
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Bait  Trap  Bxperiments 

Five  series  of  "bait  traps  were  compared  in  single  tree  plots 
arranged  in  a  Latin-sqxiare.    Comparisons  were  made  between  sassafras- 
sugar  'baits,  apple  ester-sugar  bait,  both  changed  at  20-day  intervals, 
and  sassafras- sugar  bait  changed  between  broods  only.  Comparisons 
were  also  made  between  the  standard  double  quart  glass  trap,  the 
same  type  of  trap  with  the  upper  third  and  the  screen  top  painted 
with  luminous  violet  N,  and  the  same  type  of  trap  with  the  upper 
third  emd  the  screen  top  painted  with  luminous  blue.    Moth  captures 
for  the  season  are  shown  in  table  k. 

Table     -Codling  Moth  Captures  in  Bait  Traps,  I9U3 


:  :  : 

Bait    :       Bait  Solution  i  Trap  \    Number  of  Moths  Captured 

Number: (Materials  and  amounts  :  :       :       :       :       :  : 


;  per  quart)   [  .'May  :  June: July; Aug. ; Sept! Total 


1 

Oil  sassafras  1/2  cc. 
jNo.i^  orown  sugar  1  lu* 
Changed  at  20-day 
Intervals 

OlasSi  unpalnted 

97 

672 

302 

kki  50  1562 

2 

Same  as  1  with  l/k  gr. 
sodium  benzoate  added 
10  days  after  put  out 
Changed  July  10  only 

Class,  unpalnted 

85 

582 

337 

^7  ^3  151^ 

3 

Apple  esters  (1^  sol.) 
100  ml, 

50.13  brown  sugar  1  lb* 
Changed  at  20- day 
Int ervals 

Olass,  unpalnted 

29 

251 

5 

Dlscont  inued 
July  20 

k 

Same  at  1 
Changed  at  20-day 
Intervals 

Class,  top  third 
painted  with  lumi- 
nous Violet  N. 

82 

797 

301 

375   29  158^+ 

5 

Same  as  1 
Changed  at  20-day 
Intervals 

Class,  top  third 
painted  with 
luminous  blue 

116 

721 

3^0 

3SO    31  1588 

There  was  no  difference  between  the  effectiveness  of  the  sassaifras- 
Bugar  baits  1  and  2,  changed  at  20-day  intervads  or  only  between  broods. 


The  apple  esters  used  in  bait  3  ^re  a  byproduct  of  the  Bland 
apple  syrup  developed  by  the  Bureau  of  Agricultural  and  Industrial 
Chemistry  at  the  IBastern  Regional  Research  Laboratory,  and  was  supplied 
in  a  dilute  1  percent  solution  containing  0.1  percent  sodium  ben?"^«t€ 
as  a  preservative.    As  used  in  this  test,  this  material  was  much  less 
attractive  to  codling  moths  than  oil  of  sassafras.    During  warm  weather 
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the  apple  ester  l)alt8  soured  wlthixi  a  few  d^s  after  being  p^ced 
in  the.  orchard  and  the  traps  filled  with  blow  flies.    This  bait 
fermented  much  sore  rapidly  than  the  oil  of  sassafras  bait  and  the 
fermentation  ceased  entirely  within  10  days.    The  apple  esters  were 
further  tested  as  attrahents  for  codling  aoths  by  suspending  traps 
containing  the  1  percent  Juice,  and  1  percent  Juice  with  12  percent 
brown  sugar,  in  trees  near  bait  1  for  a  period  of  20  days.  These 
solutions  captured  only  a  few  moths  during  the  20  days  they  were  out* 

The  differences  between  captures  in  traps  treated  with  luminous 
paints,  baits  k  and  3>  sLnd,  captures  in  unpainted  glass  traps,  bait  1, 
do  not  appear  to  be  significant* 

Apple  Maggot  Investigations,  Poughkeepsie,  H.  7.  19^3 

H.  V.  Dean,  DiTision  of  Entomology,  New  Tork  Agricultural 
Experiment  Station,  in  cooperation  with  U.  S.  Department 
of  Agriculture,  Agricultural  Research  Administration, 
Bureau  of  Entomology  and  Plant  Quarantine,  Division  of 
Prult  Insect  Investigations. 

Injury  from  apple  maggot  was  more  severe  in  eastern  New  York  in 
19^3  than  during  tiie  past  several  years.    The  exact  cause  has  not  been 
determined  but  seems  to  be  a  combination  of  several  factors.    In  some 
instances,  spraying  was  stopped  too  early  in  the  season*  Emergence 
of  flies  was  continued  somewhat  later  than  usual,  with  the  result 
that  wherever  late  applications  were  omitted  control  was  poor*  Field 
control  tests  showed  that  properly  timed  applications  of  effective 
materials  gave  adequate  control. 

Shortened,  intensified  schedules,  as  proposed  by  Oarman  in 
Connecticut,  were  tested  in  two  blocks*    The  dates  cf  application 
and  spray  materials  used,  expressed  in  amounts  per  100  gallons, 
were  as  follows: 
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Ap-pllcation  Date 


Orchard  A 


Orchard  E 


Late  Delajred 
Dormant 


Pink  Spray 


Calyx  Spray 


Curculio 
Spray 

First  Cover 
Spray 


May 


May 
11-13 


Ms^ 
21^ 


June 

2 

June 


Liquid  lise  sulfur  2  gal. 
Lead  arsenate  3  1^* 
Hydrated  lime  3  lb. 

Fermate  1  l/2  lb. 
Bydrated  lime  1  l/2  lb. 


Aluminum  ace to- for mate 
(2^  sol.)  1  pt. 
Benzoic  acid  l/k  lb. 
Manganese  borate  l/k  lb. 
Summer  oil  l/2  gal. 
Lead  arsenate  6  lb. 
Fermate  1  l/2  lb. 

Same  as  Cedyx  Spray 
except  Fermate  1  lb. 

Same  as  Curc\ilio  spray 
except  lead  arsenate 

3 


Liquid  lime  sulfur  2  gal. 


Fermate  1  1/2  lb. 
Hydrated  lime  1  1/2  lb. 
Sticker  Spreader  l/k  pt. 

Monoethanolamine  1  part) 
Water  12  parts  ) 

Kerosene  3  parts)  , _  ,  < 
Fish  oil  1  part  )  parts. 
Oleic  acid  1  part  ] 

Lead  arsenate 
Fermate 

Same  as  Calyx  spray  except 
Fermate  1  lb. 

Same       Curculio  spray 


1/2  pt. 


1/2  gal. 

3  lb. 

1  1/2  lb. 


Control  data  were  taken  on  s^ple  maggot,  plum  curculio  and  apple  scab 
by  counting  all  the  fruit  from  selected  trees.    The  l^kz  maggot  infesta- 
tion in  Orchard  A  was  1,032  percent,  but  an  uneprayed  check  tree  shoved 
UO.3^  percent  maggot  injury  in  19^3*    The  estimated  19^2  maggot  infesta- 
tion in  Orchard  B  was  S^lOO  percent.    An  unsprayed  check  tree  in  an 
adjoining  block  which,  in  19^2,  averaged  6.33  percent  maggot  injury, 
showed  30.3^  percent  injury  in  19^3*  initial  Infestations  were, 

therefore,  quite  different  in  the  two  blocks,  but  conditions  in  both 
were  favorable  for  heavy  maggot  infestation  during  the  19^3  season. 
The  control  results  are  shown  below. 


Orchard 


Apple 
Maggot 
Control 


Plum 
Curculio 
%  Control 


Apple  Scab 
Control 


Clean 


± 


A 

B 


ik.e 
0 


63.2 

66. S 


92.0 
59.5 


63.6 
30.7 


Under  conditions  of  light  initial  infestation*  the  schedule  fol- 
lowed in  Orchard  A  gave  satisfactory  maggot  control,  considering  that 
an  unsprayed  tree  was  left  in  the  middle  of  the  planting.    Scab  control 
was  good  but  curculio  control  was,  at  best,  only  fair.    With  a  much 
higher  initial  infestation,  the  spray  program  used  in  Orchard  B  failed 
to  control  the  apple  maggot.    Curculio  control  was  not  much  better  than  in 
Orchard  A,  and  scab  infection  was  considerably  greater. 
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Spray  residuas  on  frtdt  and  foliage  in  the  two  orchards  were 
as  follows: 


Orchard  A 


Orchard  B 


Date 

A82O3 

Ph 

AS2O3 

June  28 

2k,k2 

^.57 

17.71 

July  20 

20.00 

16.55 

Sept,  8,1^ 

0.011 

0.026 

0.018 

Ph 


38.93  ) 


)  Foliage  (ag./lOO  sq.in.) 


O.OU^     yruit  (gr./lh.) 


The  heavier  lead  arsenate  applications  in  Orchard  A  resulted  in  a 
greater  deposit  on  the  foliage  than  in  Orchard  B,  but  fruit  residues  were 
lifter,  indicating  a  possible  difference  in  adhesiveness  to  fruit  and 
foliage  surfaces, 

A  third  planting  was  sprayed  twice  with  synthetic  cryolite,  at  the 
rate  of  k  lb,  per  100  gallons,  plus  nicronized  wettable  sulfur  at  6  lb. 
per  100  gallons.    The  applications  were  made  at  the  usual  tines  for 
apple  maggot  sprcgrs,  a  few  days  after  eaergence  started  and  at  the  peak 
of  energence.    These  dates  were  June  25  and  July  13  in  19^3.    In  19^2, 
the  estimated  maggot  infestation  was  75  percent.    In  19^3  average 
degree  of  infestation  in  the  sprayed  trees  was  96*7  percent.    At  harvest, 
the  average  fluorine  residue  was  0.016  grain  per  pound  of  fruit.  Ho 
spray  injury  resulted. 

An  orchard  of  prone  trees,  which  had  been  infested  with  apple 
maggot  for  several  years,  was  sprayed  twice  with  micronised  phenothiasine 
at  2  lb.  per  100  gallons,  the  applications  being  made  on  June  26  and 
July  20.    An  average  of  0.0175  aa^ot  per  fruit  was  reared  from  the 
entire  crops  of  six  trees.    Since  the  infestation  during  the  previous 
season  is  not  known,  the  degree  of  control  obtained  could  not  be 
determined* 


IAKIM1»  WASHINOTON 
X.  J.  Hewoomer,  In  Charge 


Sea»onal  Condi  tlon« 

nie  winter  of  19^2^5  vas  the  coldeet  for  tome  srears,  the 
arerage  teaperature  being  nearly  5  degrees  belov  noraal.  Unteik* 
sonablj  irara  weather  ipril  11-1^  broxight  fruit  bloesoat  out  rapidly, 
and  apples  were  only  a  few  days  later  in  blooming  than  in  19^2.  May 
and  June  temperatxires  were  2  degrees  below  noraal,  with  Tery  little 
rainfall,  and  temperatures  during  the  rest  of  the  suaaer  were  abore 
noraal,  the  average  for  September  being  7*5  degrees  aboye  normal. 
Biis  res\ilted  in  a  considerable  amount  of  late  infestation. 

Bait  records  were  made  in  the  same  orchards  as  in  prerious 
years,  and  were  as  follows: 


Home  Orchard  Winesap  Orchard  Delicious  Orchard 


Tear 

Spring 
brood 

?irst 

brocd 

Total 

Spring 
brood 

Tirst 
brood 

Total 

Spring 
brood 

first 

brood 

Total 

19^*1 
19^2 
1943 

169^19 
11112 

II78U 

15313 
17S97 

28733 
20227 
29009 

67O8 

2233 
UOO8 

9^32 
1^^969 
1963^ 

161UO 
17202 
236^2 

3152 
751 
2305 

915 

6UU7 
U192 
3220 

The  fall  of  19^1  was  cool,  and  a  light  infestation  occurred, 
resulting  in  a  relatiTely  li^t  spring  brood  in  19^2.    The  fall  of 
19^2  was  warm  and  the  infestation  hearier,  and  this  is  reflected  in 
the  spring^brood  moth  catch  for  19^3*    1a  spite  of  the  large  number 
of  moths  cau^t  in  the  Home  orchard  throughout  19^3        fruit  as  a 
i^ole  was  less  wormy  than  in  19^2,  although  the  rererse  was  true  in 
the  Vinesap  orchard.    ?rost  in  ipril  19^3  wiped  out  the  apple  crop  in 
the  Delicious  orchard  and  thera  was  only  a  little  fruit  on  the  inter- 
planted  pear  trees*  idiich  aecooats  for  the  small  number  of  f irst«brood 
moths  cau^t  in  that  orchard  this  year. 


Biological  Studies 
Moth  emergence  end  egg  deposition. 


Moths  that  dereloped  from  overwintering  larrae  began  to 
emerge  about  the  first  of  May,  the  peak  occurred  during  the  week 
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ending  Kay  2S,  and  emergence  continued  into  the  fore  part  of  July. 
The  emergence  of  firet-'brood  moths  reached  a  peak  about  August  15- 
25f  and  considerable  nximbers  were  caxi^t  in  baits  until  the  middle 
of  September, 

3gg  deposition  started  about  May  IS,  or  about  the  same  time  as 
in  19^2,  emd  a  considerable  nuaber  of  eggs  were  deposited  from  May 
23.  to  2S.    Freshly  deposited  eggs  were  found  on  apples  throughout 
June,    ^e  greatest  numbers  of  second-brood  eggs  occurred  August  IJ- 
31. 

Larval  derelopment. 

Larval  entrances  were  first  found  June  1  and  many  entries  were 
made  during  the  first  10  days  of  June,    Entries  then  slackened  off 
somewhat  but  increased  again  dtiring  the  last  week  of  June  and  con- 
tinued to  increase  slowly  until  the  first  of  September,  after  which 
there  was  a  more  rapid  increase  for  severed  weeks.    Mature  larvae  of 
the  first  brood  began  to  leave  the  fruit  about  July  1  and  a  peak  was 
reached  during  the  week  ending  July  2S.    During  August  there  was  a 
decrease,  and  the  second-brood  larvae  left  the  fruit  in  maxifflum  num- 
bers during  the  week  ending  September  22. 


Orchard  Spraying  Bxperiments 

It  was  pleuined  to  use  the  same  three  orchards  for  spraying 
experiments  as  in  previous  years,  but  frost  late  in  i^ril  completely 
destroyed  the  crop  in  the  Delicious  orchard.    IZhe  tests  intended  for 
that  orchard  were  therefore  carried  out  in  the  Rome  orchard  adjacent 
to  the  experimental  plat  already  laid  out  there.    These  were  desig- 
nated as  series  B  and  the  other  tests  in  the  same  orchard  series  A. 
The  Rome  orchard  is  about  20  yeeurs  old,  and  had  a  rather  heavy  and 
uniform  crop  in  19^3*  averaging  about  17  boxes  to  the  tree.  The 
infestation  was  somewhat  lifter  than  in  19^2.    The  other  tests 
were  conducted  in  an  orchard  consisting  of  Wiziesaps  emd  Jonathans, 
about  30  years  old,  with  a  light  and  irregular  crop,  averaging  only 
7  boxes  to  the  tree,  and  a  much  heavier  infestation  than  in  19^2. 
Single-tree  plats  were  used,  replicated  8  times  in  each  orchard. 
Prom  ecu;h  tree  random  samples  of  250  apples  were  taken  at  harvest, 
including  both  picked  and  dropped  frtiit. 

A  calyx  cuid  six  cover  sprays  were  applied  in  th^  Borne  orchard 
as  follows:    Calyx,  May  10-12;  First  Brood,  Ist  cover.  Nay  28-29; 
2nd  cover,  June  8-11;  3rd  cover,  June  19-23;  ^th  cover,  July  1-3; 
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Second  Brood,  5*^  cover,  July  26-28;  6th  cover,  Au^gt  On 
account  of  the  heavier  Infestation,  a  calyx  and  seven  cover  sprays 
were  applied  in  the  Winesap  and  Jonathan  orchetrd  on  the  following 
dates:    May  3,  May  2^-25.  Juae  5-7.  June  15-17,  June  28-29,  July  19- 
20,  August  yM,  August  I7-I8. 

Deposit  analyses  for  each  treatment  were  made  on  Homes  and 
Winesaps  before  and  after  each  cover  spray  and  the  average  of 
these  are  shown  in  table  1.    The  analyses  were  made  by  C.  C.  Cassil, 
formerly  of  the  Division  of  Insecticide  Investigations  of  the  Bureau 
of  Sntomology  and  Plant  Qparemtine.    Residues  of  arsenic,  nicotine, 
phenothiazine,  and  xanthone  were  determined  by  the  respective  methods 
mentioned  in  last  year's  report  (see  Besults  of  Codling  Moth  Inves- 
tigations, 19^2i  Part  II,  page  60).    One-ten  hydrochloric  acid  plus 
chloroform  was  used  as  the  solvent  for  fluorine  residues  which  were 
determined  by  a  zirconium-purpurin  titration  procedure  developed  by 
the  7ood  and  Dnig  Administration.    Some  deposit  analyses  were  made 
on  Jonathans  to  determine  how  lead  arsenate  and  cryolite  were  adhering 
to  that  vcuriety,  but  not  enough  analyses  were  made  to  show  a  seasonal 
avercige.    Analyses  of  arsenic,  nicotine  and  fluorine  deposits  were 
made  on  September  29,  ft&d  these  are  shown  as  "harvest"  residues  in 
the  table.    All  results  were  ccLLculated  as  micrograms  per  square 
centimeter  of  apple  surfatce. 
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ta'ble  !•    Arera^e  spray  residuet  ezpresstd  in  Blcrograaf  per 
square  centimeter.    Takima,  Washington »  19^3* 


HOME  VIHSSAP  JOHimur 


'^•**7,  Residue 
■ent  1/ 

Before 
Spray 

After 
Spray 

Ear-  Before 
rest  Spray 

After 
Spray 

Har- 
rest 

Harvest 

1 

A82O3 

20.1 

kO.2 

22.9 

2X.8 

^1.7 

3U.9 

31.0 

la 

AS2O3 

15.9 

23.2 

3 

Phenothiazine 

8.0 

19.^ 

k 

Fhenothiazine 

S.k 

22.0 

8.8 

22.0 

5 

Phenothiazine 

8.3 

21.5 

S.k 

20.6 

6 

Phenothiazine 

12.1 

7 

Zanthone  2/ 

15.7 

7.« 

2^.9 

8 

Hi CO tine 

5.5 

lO.k 

7.1 

5.3 

9.9 

5.8 

9 

Nicotine 

i*.l 

7.^ 

1.5 

k.2 

7.0 

5.5 

10 

Tluorine 

28.7 

50.0 

^2.1 

63.6 

11 

Fluorine 

27.6 

5U.8 

53.2 

12 

Fluorine 

12.1 

26.1 

11.0 

1/    See  table  2  for  details  of  treatments. 
2/    Nicotine  used  in  first  tvo  cover  sprays. 


The  average  deposit  of  AS2O3  in  19^3        ahout  2^^  hi^er  than 
in  19^2,  and  since  this  is  used  as  the  standard,  the  other  materials 
were  tested  under  more  exacting  conditions  than  in  19^2.    The  average 
deposit  from  1  pound  of  phenothiazine  was  slightly  higher  in  I9H3 
than  in  19^2,  the  smathone  deposit  was  about  the  same  on  Vinesaps  but 
higher  on  Homes,  but  the  nicotine  deposit  was  ^0  to  60^  hi^er  in 
19^3  although  the  same  quantity  of  nicotine  was  used  per  100  gallons 
both  years.    It  was  as  hi^  as  had  been  obtcdned  in  the  other  seasons 
from  twice  the  quantity  of  nicotine.    Since  cryolite  has  not  been 
used  in  recent  years,  no  coi^ctrisohs  of  deposit  are  possible. 

The  results  of  the  field  spraying  experiments  are  given  in  table  2. 
The  lead  arsenate  treatment  (l)  was  an  iatprovement  over  the  one  used  in 
19^2  and  put  on  a  somewhat  heavier  deposit.    The  scuae  formula  was  tried 
in  treatment  la,  except  that  only  three  cover  sprays,  somewhat  farther 
apart,  instead  of  four,  were  applied  against  the  first  brood.    While  this 
did  not  result  in  significantly  more  wormy  fruit,  the  percentage  of  fruit 
injured  was  significantly  greater. 
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Tabl«  2:    CoaparatlTC  •ffloltaoy  of  liiMCtieidts  uttd  in  fitld 
■prayini;  dzperlaent.    lakiaa,  WMhington,  19^3 


Home  Orchard 

Vine tap 

Series  A 

Seriet  B 

Orchard 

Vo. 

(^oantitiat  per  100  gallons)  aj             vonqr  Jured  vora^  jured  voroy  jurod 

1 

Xioad  «ri.  3  1^**  aineral  oil  . 
(oBulsiblo)  1^0.;  ipreadar  l/k  Ib.^; 
alxui.  tulf.  X/!  01. 

8«8 

7.5 

19.^ 

37.2 

71.2 

u 

Sum  at  1»  one  lest  first  ^rood  tpray 

8.0 

15.2 

3 

Phono thiaiins  1  lb.;  stOTO  oil  or 
k0roeon»»@atain  oBnliion  1  at  .21/ 

.6 

.8 

Fhonothiasino  1  lb*;  otOTO  oil  or  kero- 
Mno^casein  Aualtion  1  or  2  qt.l/;  oleic 
acid  1/6  pt«z/;  alxui.  snlf.  2  ot* 

•1.6 

1.8 

7.1 

8.8 

23.0 

30.4 

5 

Fhenothiasine  (subliaed)  1  lb,;  at  ink. 

2.8 

3.2 

9.2 

ll.U 

U4.3 

50.2 

6 

Phenothiasine  (tubliaed;l/2  lb.; 
at  in  U. 

7.6 

8.7 

7 

Hi 00 tine-bent onite  at  in  S,  firtt  2 
tprasrt;  then  xanthone  2  lb.;  kereteme 
1  qt.;  tpreader,  1  I/3  os.;  oleic  acid 
SO  ec:  &lua.  tulf.  2  os* 

2.0 

2.8 

5.2 

8.1 

23-3 

31.8 

o 

Nicotine  bentonite,  dr7-Bix,  1-3*  *l9'^"' 
niied  3  lb.;  aineral  oil  1  or  2  qt.^/ ; 
oleic  acid  \  01*:  alum.  tulf.  2  oi. 

5.5 

7.8 

21.6 

27.2 

32.4 

9 

Nicotine>bentonite,  dirj-mix,  I-IO, 
aicronif ed  ^  lb. ;  mineral  oil  1  or  2 
qt.2/;  oleic  acid  I/2  pt*;  aim.  tnlf, 
2  OS. 

19.0 

22.6 

35.»* 

Ul.2 

i*0.7 

53.8 

10 

Hattffal  cryolite  (90^)  3  1^*S  aincral 
oil  (eaoltible)  1  at.:  tpreader  1/6  lb. 

6.7 

19.0 

n 

Vatural  cryolite  (70%)  3  lb.:  at  in  10. 

€.8 

17.2 

Differencet  required  for  tisnificance 

(19  to  1) 

^.7 

5.9 

lO.U 

11.2 

1»*.9 

17.7 

\j    Oalyx  tpray  lead  artenate  2  lb.  to  100         in  all  tettt. 


2/    2/3  pint  of  a  different  tpreader  uted  in  let  and  2nd  ooT«r  tprayt. 

J{/    StOTO  oil  or  kerotene  3  gal*i  water  1  cal.,  catein  6  os.,  anonitui 
hydroxide  36  cc,  cretol  (preterfatiTe)  lOcc. 

\J    laoltion  rednoed  to  1  qt.  and  oleic  acid  added  teparately  inttead  of 
beinc  firtt  added  to  the  emltion  in  Uth  to  6th  coTer  tprayt. 

j/    Two  qt.  in  Itt  three  corer  tprayt. 
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There  %ra8  no  significant  difference  in  results  between  micro- 
nised  phenothiazine  at  1  po\ind  with  the  old  stove  oil-casein  esmlsion 
(3)  or  with  the  newer  mixture  (U),  or  the  subliaed  material  used  in 
the  same  manner  (5)*    This  latter  material  was  tried  because  it  con- 
tained an  anti-oxidant  which  shotild  prevent  it  from  turning  dark. 
It  did  turn  dark,  however,  and  ^t  was  found  that  the  effect  of  the 
anti-oxidant  had  evidently  been  destroyed  in  the  micronizing  process. 
This  materi€tl  used  at  I/2  lb*  (6)  resulted  in  significantly  more 
wormy  fruit  than  at  1  lb.    There  was, however,  no  significant  differ- 
ence between  any  of  the  phenothiazine  treatments  and  the  lead  arsenate 
treatment  (l)  as  regards  wormy  fruit,  although  treatment  3  on  the 
Homes  and  treatment  k  in  the  case  of  both  varieties  were  significantly 
cleaner  than  1  as  regards  total  injuries  while  treatment  5  signifi- 
cantly fewer  injuries  in  the  Winesaps. 

Xanthone  used  at  2  lb,  in  an  iinproved  formula  (7)t  which  put 
on  a  somewhat  heavier  and  more  uniform  deposit,  had  significantly 
few0r  total  injuries  than  the  lead  arsenate,  but  the  wormy  fruit, 
although  less,  did  not  differ  significantly. 

Nicotine  bentonite,  edeo  used  in  an  improved  formula  (8),  and 
putting  on  a  much  higher  deposit  than  previously,  gave  results  at 
least  equal  to  those  from  lead  arsenate  in  all  but  series  B  in  the 
Borne  orchard,  and  even  here  despite  a  lighter  crop  and  larger  fruit 
the  total  injuries  were  not  significantly  greater  than  from  lead 
arsenate.    Nicotine  bentonite  at  1-10,  as  used  in  treatment  9,  was 
unsatisfactory.    The  deposit  was  too  light  and  too  spotted* 

Cryolite,  which  has  not  been  tested  for  some  years,  was  again 
tried  in  19^3*    Both  the  usual  material  containing  about  90^  cryolite 
and  a        cryolite  were  used  (in  treatments  10,11)  on  Borne s  and  there 
was  no  difference  between  them  in  the  control  effected.    They  were 
not  significantly  different  from  lead  arsenate  in  terms  of  wormy 
apples  but  were  significantly  poorer  in  terms  of  total  injuries. 
This  result  is  contrary  to  the  opinion  of  many  growers,  vho  believe 
they  get  fewer  stings  from  cryolite* 

Owing  to  a  shortage  of  labor,  no  records  were  taken  on  the 
color  of  the  fruit  in  19^3 •    However,  the  fruit  sprayed  with  pheno- 
thiazine appeared  to  have  less  color  than  the  other  fruit,  as  in 
previous  seasons*    The  average  number  of  apples  per  box  resulting 
from  the  various  treatments  is  given  in  table  3* 
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Table  3*    S^^e  of  apples  reeultlng  from  different  spray 
treatments.    Yakima,  Washington,  19^3. 


Pl&t 

Size  (At.  Ho.  apples  per  box) 
Rome  A       Rome  B       Wine sap 

1 

Lead  arsenate  3  1^* 

93 

98 

1U9 

la 

Do. ,  5  covers 

93 

— 

3 

Fhenotbiazine  1  lb.,  stove 
oil-easein  emulsion. 

110 

— 

— 

k 

Fhenotbiazine  1  lb.,  stove  oil- 
oasein  emulsion,  oleic  acid. 

105 

103 

179 

5 

Fhenothiacine  (sublimed)  1  lb. 
as  in  k. 

9S 

102 

173 

6 

Phenothiazine  (sublimed)  l/2  lb. 
as  in  k. 

96 

— 

— 

7 

Xanthone  2  lb.,  kerosene, 
spreader,  oleic  acid. 

3k 

91 

160 

8 

Nicotine  bentonite,  dry  mix,  l->^, 
3  lb.,  mineral  oil,  oleic  acid. 

89 

83 

9 

Nicotine  bentonite,  dry  mix,  1-10, 

U  lb.,  mineral  oil,  oleic  acid.  81 

89 

1^7 

10 

Cryolite  (90^^)  3  lb.,  mineral 
oil,  spreader. 

90 

11. 

Cryolite  (JOJ^)  3  115..       in  10. 

92 

1/    I'or  details  of  treatment,  see  table  2. 


Use  of  Sprays  to  Kill  Hibernating  Codling  Moth  Larvae  on  Trunks 

Large  scale  orchard  tests  were  made  in  3  orchards  in  19^3* 
Sprays  were  applied  in  late  March  and  early  April  on  blocks  of  120- 
140  trees,  using  a  regular  portable  gasoline-power  sprayer  with  the 
pressure  reduced  to  1^0  pounds,    from  3  to  5  gallons  of  spray  were 
applied  per  tree,  using  bordeaux  nozzles  attached  to  spray  rods.  An 
attempt  was  made  to  cover  the  trunks  and  most  of  the  rough  bark  part 
of  the  scaffold  limbs. 
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She  Wo  ipraj  Biztiir«t  tested  eontmlned  the  folloving 


■ateriale: 


QuAntitlet  per  100  gallons 


Kizture 


Mizttirs 
B 


^t6  dinltro-o^cresol 
Stove  oil 

Sodliui  l*tir7l  sxtlfate 
Xthylene  ^7col  aonoVatyl  ether 
Trl ehloro  ethylene 
ferric  ehloride 


k  Ih. 
10  gal. 
k  lb* 


3  lb. 
15  ««l. 
3/8  1^. 


1.5  gal. 
1*5  SaI* 


3.7s  grams 


the  sprays  were  prepared  ia  the  orchard  hy  dissolTiag  the 
dinitre  coi^oand  ia  the  oil  }3j  heating.    While  this  iias  being  done* 
the  required  quantities  of  water  auid  eaolsifier  were  placed  in  the 
spray  tank  with  the  aachine  running.    Xhe  solution  of  dinitro-o- 
cresol  in  oil  was  then  added  throu^  the  spray  puaqp  injector,  follo%red 
by  the  penetrant  or  the  ferric  chloride. 

Ihe  sprays  were  applied  dtiring  the  period  March  25  to  i^ril  6, 
■izture  ▲  being  used  in  all  3  orchards  and  aixture  B  in  only  one. 
The  trees  in  the  latter  orchard  were  Tery  large  and  old  with  meh 
rou|^  bark  hii^er  up  than  could  be  reached  with  the  3  ^  7*foot  spray 
rods.    In  addition,  it  was  vindy  while  aost  of  the  spraying  was  done 
in  this  orchard,  which  aade  it  difficult  to  drench  the  ii^er  scaffold 
liabs  thoroughly  and  an  application  of  doraant  liae  sulfur  by  the 
grower  shortly  after  the  Vt  sprays  were  applied  tended  to  interfere 
with  the  proper  functioning  of  the  lattar. 

Mixture  ▲  resulted  ia  a  9^  percent  kill  of  oTerwintering  larra® 
in  the  first  two  orchards,  which  was  ia  eaoeelleat  agreeasat  with  the 
mortality  caused  by  that  aixture  ia  tests  conducted  ia  15^1.    Only  86 
percent  aortality  resulted  ia  the  third  orchard  idiere  conditions  were 
less  faTorable.    The  kill  from  idxture  B,  tested  ia  tha  third  orchard 
only,  was  only  80  percent*    ippareatly  because  of  aoth  aigration,  no 
•i^iificant  reduction  of  aoth  population  aoAiowa  by  aoth  clotures  ia 
two  bait  pots  per  plat  aaintained  in  2  of  the  orchards  was  showa 
either  for  the  spring  brood  or  the  whole  season. 
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Harrest  eoontf  vors         in  only  on«  orchard;  loss  of  crop 
or  inadoquate  and  irregular  gpraying  aade  counts  in  the  other  two 
orchards  ijqpractical.    The  results  froa  counts  on  20  trees  in  each 
block  in  the  one  orchard  were  as  follows: 


freataeat 

Percent  voraor  at  harvest 
Jonathan  Winessp 

Oheek 

Mo  33 

▲ 

30  19 

B 

?5  19 

mBSSTSTILLl,  WIST  TIRailU 

Idvia  Oould,  Vest  Virginia  igrioultural  Ixperiaent  Station 
and  0.  H.  Oeissler,  Bureau  of  AitOBologsr  and  Plant  Quaran- 
tine, 17.  S.  Bepartaent  of  igrioulture. 

Ihese  iuTestigations  vere  carried  on  jointly  hy  the  Bureau  of 
Intoaology  and  Plant  Qnarantine  and  the  Vest  Tirginia  Agricul- 
tural Xxperinent  Station* 


Seasonal  Conditions  and  Oodlinig  Moth  Abundance 
Paring  the  19^3  Season 

The  19^3  ••Ason  in  the  Shenandoah-Ouaberland  fruit  belt  was 
one  of  eztreae  drought*    Teaperatures  were  uniforaly  high,  thus 
accelerating  codling  aoth  injury.    Serere  frosts  early  in  the  season 
caused  further  reductions  of  an  already  li^t  apple  bud  set. 

The  first  aoth  appeared  in  bait  pails  on  May  7*    P^eks  of 
aetiTity  occurred  on  Nay  19  aacL  May  2^^.    During  the  early  part  of 
May  cool  weather  delayed  hatching.    Once  hatching  began,  hoverer, 
entries  aaintained  a  rather  hi^  lerel  throughout  the  season.  Har- 
rest  operations  were  begun  earlier  than  noraal  due  to  high  prices 
and  dry  weather.    Despite  the  fairly  li^t  crop  there  will  be  an 
unusually  heavy  carryoTor  of  hibernating  larvae  during  the  winter. 


field  Testing  of  Insecticidee 

Qatrell  and  Border  Orrfmrd  Teste 

Phenothiasiae  was  again  thoroughly  tested  in  duplicate  orchards. 
These  orchards  were  the  Oatrell  and  Border,  on  the  York  Imperial  and 
Stayaan  Vine  sap  Tarieties.    Ike  scheduler  ueed  %nd  ttc  itftcrsltt  are 
suaaarised  in  table  1. 
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fa^le  1.    Hesults  of  field  ei^rimantf  with  insecticide*  for  codling 
moth  control— Oatrell  and  Border  Orchards,  Eeamejsyille, 
West  Tirginia.  19^3- 


Oatrell  Orchard  Border  Orchard 

Treat-  Gov-        Materials  l/                       injuries  per  injuries  per 

Bent     ers    (Aaoxxnts  per  iSo  gal*)    Total     100  fruits  Total     100  fruits 

lo.                                                fruits  Voras  Stiags  fruits  Voras  Stings 


1 

Lk  3#.  L  6#.  TS  6# 
UL        ^ord.  2-H-lOO 

18.086 

5 

U9 

104 

409 

2 

5 

UL  3#.  23  l/2#.  L  2# 
UL  3#.  Bord.  2-U-lOO 

18.7^2 

7 

12.97U 

90 

388 

3 

1 

2^ 

5 

LA  3#,  IS  6#.  L  3# 
UL  3#.  ZL  1/2-2-100, 
L  2#.  As  3 

UL        Bord.  2-U-lOO 

2U,8l^2 

k 

31 

I5.6i^ 

97 

322 

1.1^.5  MP  3# 
2.3   MP  3#.  SO  3  at. 

20.827 

5 

12.901 

-*- 

10 

1-5 

20. ^M) 

9 

2 

l»*.74l 

5 

1-5 

CMP  31} 

2pr699 

8 

2 

12,433 

— i— 

7 

OMP  3# 

2U.085 

6 

2 

13.135 

40 

6 

8 

MP  If,  KO  2  qt. 
MP  3f 

27.894 

28 

6 

13.050 

95 

15 

9 

5 

MP  If,  EOOA  2  qt. 
MP  3^ 

18,U92 

28 

5 

13,676 

84 

11 

10 

1 

2,3 

h 
5 

UL  3#,  I  1  pt.  ZL  1/2- 
2-100 

UL  3#,I  1  pt.,  SO  ^  qt. 

ZL  1/2-2-100 

LA  3f.  ZL  1/2-2-100 

LA  3#.  Bord.  2J'»-100 

'23.117 

1 

25 

17.245 

31 

181 

11 

1 

2,3 

LA  3#.  ZL  1/2-2-100 
UL  3#,  V  1  pt.,  SOk  qt., 
Bord.  2-H-lOO  28,^0 
LA        Bord.  2-4-100 

3 

23 

12,444 

82 

348 

12 

1 

2,3 

k 

LA  3#,  ZL  1/2-2-100 
LA  3iF,  XOOA  2  qt.. 
Bord.  ^4-100 
LA  3i^.  Bord.  2J'*-100 

19.166 

7 

50 

16,244 

106 

401 

1/    LA  -  lead  arsenate  MP  -  aieronised  phenothiatine  (plain) 

73  -  flotation  sulfur  OMP  -  "old"  (1942)  aioroniied  pheae- 

thiasine  (plain) 

Z8  -  sine  iolfate 

I  -  nicotine  sulfate  (40^  nicotine) 

As  -  apple  sauce 


( Continued) 

L  -  hydrated  11m 

Bord.  •  bordeaux 

ZL  -  lino  liM 

SO  -  ■tunmer  oil  emlfion 


OMP  -  mlcronised  phenothlaslne  (conditioned^ 

KO  -  kerosene  oil  enaltion  (Takiaa  fomla) 

-  kerosene  oil  oleio  acid  emlelon 
(Takiaa  forvila) 


Phenothiailne 

fhis  aaterial  ith^n  used  at  the  rate  of  3  pounds  per  100  gallons 
gaTO  "better  control  of  codling  moth  than  any  of  the  lead  arsenate 
conbinatlons.    Shore  tms  little  difference  hetween  the  "plain"  and 
"conditioned"  forss  in  either  orchard,    Qie  phenothlasine  plots, 
while  shoving  substantially  greater  nunhers  of  fruits  in  the  "vonqr" 
class,  noTortheless  packed  out  far  better  than  any  of  the  lead  arsenate 
treatment s* 

Treatments  3  &n^  7  vere  identical  except  that  Ko*  7  ^0  micro- 
nised  i>henothiasine  that  had  been  held  for  one  year.    Somber  7  appeared 
subtly  more  effectire  in  both  orchards  but  ii^ether  or  not  this  is  due 
to  "aging"  of  the  material  is  open  to  question. 

Ho  fruit  or  foliage  injury  was  apparent  on  any  of  the  pheno- 
thlasine plots  except  Ho.  k  to  ^ioh  summer  oil  emulsion  was  added. 
Here  fruit  and  foliage  showed  a  very  serious  burning. 


Lead  Arsenate 

In  the  hearlly  infested  Border  orchard,  lead  arsenate  failed 
to  control  the  codling  moth. 

Qie  differences  between  Zinc  and  Copper  Bordeaux  were  not 
important.    Zinc  sulfate  and  lime  used  in  the  first  one  or  two 
corer  sprays  is  an  excellent  correctiTe  for  arsenical  injury.  It 
is  especifldly  good  when  subsequent  oil  sprays  are  planned,  since 
sulfur  cannot  be  used  and  copper  Bordeaux  will  cause  russeting  at 
this  time  of  year. 

Ihe  addition  of  apple  sauce  to  leeid  arsenate  schedules  as  an 
adjutant  failed  to  accoiQ}llsh  its  purpose.    Qie  canned  sauce  was 
added  to  the  schedule  in  order  to  induce  newly  hatched  larrae  to 
feed  more  freely  on  the  foliage  and  on  the  fruit  surface,  thue  re- 
ducing worm  injury  to  the  apple.    Under  Vest  Tirginia  conditions 
the  mixture  soon  dries  and.  in  all  prcbablinty  bec-sa*^  Tanettreo^i^ 
to  the  larvae. 
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Teste  in  Biologioal^Mechanlcal  Oontrol  Orchard 

The  biological-mechanical  control  project  that  had  been  con- 
ducted in  the  Ouehwa  orchard  was  tersdnated  in  19^2  after  8  yeare 
of  infestation  studies.    In  19^3  tests  vere  arranged  in  this  or- 
chard to  study  the  efficiency  of  the  Bore  ioportant  recoamended 
spray  schedules  %fhen  applied  to  large  blocks.    The  treatments  vere 
designed  mainly  for  determining  the  relative  efficiency  of  liM, 
sine  Bordeaux  and  copper  Bordeaux  as  correctire  for  arsenical  ia>* 
Jury  and  their  effect  on  the  efficiency  of  arsenate  of  lesid  in 
codling  moth  control.    It  should  be  kept  in  mind  that  preriously 
the  orchard  had  received  no  codling  moth  cover  sprays  and  presented 
a  favorable  situation  for  testing  the  relative  effectiveness  of 
spray  schedules  on  a  fairly  sizeable  scale.    The  tests  were  un- 
replicated,  and  were  applied  to  single  rows  13  to  l6  trees  long* 
Counts  were  made  on  at  least  2  trees  of  each  variety.  I!he 
schedules  tested  iand  the  results  are  suasarited  in  table  2. 
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l/    Table  2  -  ?ootnote  (Continued) 


LA  -  lead  arsenate 


0  - 


mmmer  oil  enolsion  and  liae 


L  -  hydrated  lise 


Zn  Bord.  -  zinc  sulfate  and  lise 


H  .  nicotine  sulfate 
nicotine) 


Ou.  Bord.  -  copper  sulfate  and 
liBe. 


Practically  no  arsenical  injury  appeared  in  any  of  the  ezperi- 
■entsi    The  addition  of  line  reduced  the  effectireness  of  the  spray 
Baterially  helow  its  effeetiTeness  idien  zinc  or  copper  hordeauz  aiz- 
ture  was  added  to  the  spray,    de  sli^t  difference  hetveen  the  zinc 
and  copper  sprays  seemed  to  faror  the  copper  matericd. 

The  reminder  of  the  orchard  was  dirided  into  tvo  parts.  One 
part  receired  treatment  3 — load  arsenate  and  bordeaux  (copper)  with 
nicotine  and  oil  in  the  2nd  and  "^t^l  sprays.    The  other  part  received 
treatment  6,  which  was  the  sauDe  as  treatment  ^»  except  that  the  oil 
was  used  in  the  3'^  instead  of  the  2nd  and  "^rd  eorers.  The 

plot  that  received  treatment  No.  5  averaged  2f^U  i^les  per  tree 
with  approximately  2  worms  and  26  stings  per  100  fruits,  as  compared 
with  an  average  of  2,3Sk  A-pplen  per  tree  with  2  worms  and  3^  stings 
per  100  fruits  in  the  plot  that  received  treatment  6. 


Codling  Moth  Population  Build»Typ  Studies 

The  object  ^d  methods  of  this  study  and  of  prelisdnary  work 
undertaken  were  discussed  in  the  annual  pool  of  codling  moth  results 
for  19^2,  Part  II,  page  9.    The  work  during  19^2  was  directed  toward 
complete  defruiting  of  the  entire  orchard  in  an  attempt  to  completely 
eliminate  the  existing  codling  moth  population.    Tt9  work  during  the 
19^3  eeason  was  devoted  mainly  to  studying  the  codling  moth  population 
build-t^  and  the  results  of  defruiting.    ▲  very  limited  spray  schedule 
was  followed  during  the  season  of  19^3*        was  planned  so  as  to  give 
the  maximnm  control  of  diseases  and  miscellaneous  insect  pests  with 
the  minimum  effect  on  codling  moth. 

▲  total  of  3*000  fruits  was  examined  for  first  bxt»od  infestation. 
Of  this  number  only  IS  (0.36^)  showed  codling  moth  entries.    A  total 
of  21  entries  were  founds    I3  of  these  were  very  shallow  and  sho%red 
no  evidence  of  having  contained  codling  moth  larvae;  6  contained  live 
larvae  at  the  time  of  the  examination;  k  were  reared  out  and  proved 
to  be  codling  moth  larvae;  and  the  other  2  entries  were  large  aund 
deep  but  not  typical  of  codling  moth  entries.    Thus  only  U  of  the 
5,000  fruits  examined  for  first  brood  injury  definitely  produced 
codling  moths.    This  light  carry-over  may  have  resulted  from  infesta- 
tion that  developed  in  the  few  fruits  which  in  all  probability  were 
missed  during  the  season  of  19^2.    It  may,  however,  have  resulted 
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from  tOB*  othor  toured.  It  it  of  iatorott  that,  althot^i^  tho  in- 
ftttatioA  or  oarry«ovor  wat  •xooodiB^y  lifhtt  It  vat  oronly  dlt- 
trllmtod  oyer  tho  o&tirt  orchard. 

tho  rotttltt  ohtaiaod  froa  2$  eotmt  troot  in  19^3  ^ro  eoaparod 
%olow  with  tho  roeordt  froa  tho to  taao  troot  durini;  l^klt 


liold  1/ 
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total 
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fraits 

Butholt 

por  \mthol 
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Vomt  Btiagt 

atUBbor 

nuabor 

BtMibor 
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Bwhor  nuabor 

106,908 

3^1 

28U 

51.6 

55  19 

19^3 

36.557 

171 

212 

19*0 

9  9 

1/    Xndudot  droppod  and  piekod  fruitt. 


Afoa  tho  ttandpoint  of  codliag  moth  eoatrol  tho  rotxilte  froa 
thit  oaqporinont  aro  c^uito  c^atifjrinc  but  furthor  ttudiot  aro  aoodod 
to  dotolop  a  aoro  tatitfaotory  aothod  for  dofruitiaf  tho  troot*  A 
Buabor  of  liaitod  tottt  iioro  aado  dnrlas  19^3  to  obtaia  iaforaatiea 
at  to  potential  aatorialt  ifhioh  laii^t  be  tubttitutod  for  tho  IVOOBP- 
Oil  troataont  utod  for  defruitinc  vithout  tho  drattie  effect  on  the 
troot*    Xlfetol  and  Dx^lll  both  thov  proaioe  of  being  Terjr  offoctiTO 
whoa  uted  ia  full  blooa  but  thoronnh  eoTorafo  it  Tory  difficult  at 
thit  etafo  of  derelopaent.    It  appeart  that  a  tatitfaetorjr  aaterial 
antt  be  one  i^iieh  can  be  utod  off eetiTOly  vhen  thoroui^  ooToraise  caa 
be  obtained  «he  eatiett. 


